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(Document Title) Specification 

(Title of the Invention) Nonflammable Resin Composition and Molded Article Thereof 
(Claims) 

[ Claim 1 ] 

A polycarbonate-based nonflammable resin composition, characterized by containing: 
(A-l) a polycarbonate-based resin; 

(B) a phosphoric ester expressed by the following formula: 
[ First Chemical Formula ] 

0 o 

il (I 

R' — O — P — (X — P -fc — O— R 4 

1 i 
OR* OR 3 

(where R 1 , R 2 , R 3 , and R 4 are each independently a C\ to C 30 hydrocarbon; X is a Ci 
to C 3 o divalent organic group that may contain an oxygen atom and/or a nitrogen atom; 
and m is an integer from 0 to 5); and 

(C) an alkoxy group-containing organosiloxane expressed by the following average 
compositional formula: 

R\Si(OR\0(4- a -b)/2 ..-(I) 

(where R 1 is a substituted or unsubstituted univalent hydrocarbon group containing an 
aryl group as an essential component; R 2 is a substituted or unsubstituted univalent 
hydrocarbon group; R l and R 2 may be the same as or different from each other; 0.2 < a < 
2.7; 0.2 < b < 2.4; and a + b < 3), 

said phosphoric ester (B) being contained in an amount of 0.5 to 20 weight parts and 
said alkoxy group-containing organosiloxane (C) in an amount of 0.05 to 20 weight parts 
per 100 weight parts of the polycarbonate-based resin (A-l). 
[ Claim 2 ] 

A polycarbonate-based nonflammable resin composition, characterized by containing: 
(A-l) a polycarbonate-based resin; 

(A-2) a thermoplastic resin other than a polycarbonate-based resin; 
(B) a phosphoric ester expressed by the following formula: 
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[ Second Chemical Formula ] 

0 o 

II II 

R'-O-P-CX-P -fc — O-R* 

1 I 
OR' OR 3 

(where R 1 , R 2 , R 3 , and R 4 are each independently a Ci to C 30 hydrocarbon; X is a Ci 
to C 30 divalent organic group that may contain an oxygen atom and/or a nitrogen atom; 
and m is an integer from 0 to 5); and 

(C) an alkoxy group-containing organosiloxane expressed by the following average 
compositional formula: 

R^Si(OR 2 ) b O ( ^ a _ b )/2 ...(1) 

(where R 1 is a substituted or unsubstituted univalent hydrocarbon group containing an 
aryl group as an essential component; R 2 is a substituted or unsubstituted univalent 
hydrocarbon group; R 1 and R 2 may be the same as or different from each other; 0.2 < a < 
2.7; 0.2 < b < 2.4; and a + b < 3), 

said phosphoric ester (B) being contained in an amount of 0.5 to 20 weight parts and 
said alkoxy group-containing organosiloxane (C) in an amount of 0.05 to 20 weight parts 
per combined 100 weight parts of the polycarbonate-based resin (A-l) and the 
thermoplastic resin other than a polycarbonate-based resin (A-2). 
[ Claim 3 ] 

A polycarbonate-based nonflammable resin composition as defined in Claim 1 or 2, 
characterized in that the phosphoric ester is bisphenol A-tetraphenyl diphosphate 
(BPADP) or bisphenol A tetracresyl diphosphate. 
[ Claim 4 ] 

A polycarbonate-based nonflammable resin composition as defined in Claim 1 or 2, 
wherein the weight average molecular weight of the alkoxy group-containing 
organosiloxane (C) is between 300 and 6000. 
[ Claim 5 ] 

A polycarbonate-based nonflammable resin composition as defined in any of Claims 
1 to 4, characterized in that the alkoxy group-containing organosiloxane (C) includes a 
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branched structure. 
[ Claim 6 ] 

A polycarbonate-based nonflammable resin composition as defined in any of Claims 
1 to 5, characterized in that the alkoxy group-containing organosiloxane (C) contains 
substantially no silanol groups (SiOH). 
[ Claim 7 ] 

A polycarbonate-based nonflammable resin composition as defined in any of Claims 
1 to 6, characterized in that R 1 of the alkoxy group-containing organosiloxane (C) is a 
methyl group, ethyl group, or phenyl group, and the phenyl group content is at least 20%. 
[ Claim 8 ] 

A polycarbonate-based nonflammable resin composition as defined in any of Claims 
1 to 7, characterized in that R 2 of the alkoxy group-containing organosiloxane (C) is a 
methyl group or ethyl group. 
[ Claim 9 ] 

A polycarbonate-based nonflammable resin composition as defined in Claim 2, 
characterized in that the thermoplastic resin (A-2) is one or more types of resin selected 
from the group consisting of: 

polymers including as a structural component (a) an aromatic vinyl monomer 
component; 

copolymers including as structural components (a) an aromatic vinyl monomer 
component and (b) a vinyl cyanide monomer component; 

copolymers including as structural components (a) an aromatic vinyl monomer 
component, (b) a vinyl cyanide monomer component, and (c) a rubber-like polymer; 

aromatic polyesters; 

polyphenylene ethers; 

polyether imides; and 

polyphenylene sulfides. 
[ Claim 10 ] 

A polycarbonate-based nonflammable resin composition as defined in Claim 9, 
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characterized in that the thermoplastic resin (A-2) is one or more types of resin selected 
from the group consisting of ABS resins, AES resins, ACS resins, AAS resins, and 
polystyrene resins. 
[Claim 11] 

A polycarbonate-based nonflammable resin composition as defined in any of Claims 
1 to 10, characterized by further containing (D) an anti-drip agent in an amount of 0.01 to 
10 weight parts per 100 weight parts of the polycarbonate-based resin (A-l) or per 
combined 100 weight parts of the polycarbonate-based resin (A-l) and the thermoplastic 
resin (A-2). 

[ Claim 12 ] 

The polycarbonate-based nonflammable resin composition as defined in Claim 11, 
characterized in that the anti-drip agent is polytetrafluoroethylene (PTFE). 
[ Claim 13 ] 

A polycarbonate-based nonflammable resin composition as defined in any of Claims 
1 to 12, characterized by further containing (E) an alkali (alkaline earth) metal salt of a 
perfluoroalkanesulfonic acid in an amount of 0.01 to 3 weight parts per 100 weight parts 
of the polycarbonate-based resin (A-l) or per combined 100 weight parts of the 
polycarbonate-based resin (A-l) and the thermoplastic resin (A-2). 
[ Claim 14 ] 

A polycarbonate-based nonflammable resin composition as defined in any of Claims 
1 to 13, characterized by further containing (F) an epoxy-based stabilizer in an amount of 
0.01 to 5 weight parts per 100 weight parts of the polycarbonate-based resin (A-l) or per 
combined 100 weight parts of the polycarbonate-based resin (A-l) and the thermoplastic 
resin (A-2). 

[ Claim 15 ] 

A polycarbonate-based nonflammable resin composition as defined in Claim 14, 
characterized in that the epoxy-based stabilizer (F) is 3,4-epoxycyclohexylmethyl-3',4- 
epoxycyclohexanecarboxylate or bis-(3,4-epoxycyclohexyl) adipate. 
[ Claim 16 ] 
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An electrical or electronic device part formed from a nonflammable resin 
composition as defined in any of Claims 1 to 15. 
[Claim 17] 

A molded article composed of a nonflammable resin composition as defined in any of 
Claims 1 to 15. 

Detailed Description of the Invention 
[0001] 

Technological Field of the Invention 
The present invention relates to a nonflammable resin composition containing a 
polycarbonate-based resin, and more particularly relates to a nonflammable resin 
composition that is useful in applications that demand high heat resistance as well as 
hydrolysis resistance and impact resistance, such as television sets, printers, copiers, 
facsimile machines, personal computers, and other such consumer electrical devices, 
housing materials and parts for office automation equipment, battery packs, liquid crystal 
reflectors, automotive interior materials, and so forth. 
[0002] 

Technological Background of the Invention 
Polycarbonate resins, both individually and as alloys with other thermoplastic resins, 
are engineering plastics with excellent impact resistance, heat resistance, and electrical 
characteristics, and are therefore used in a wide range of fields, including electrical 
engineering, electronics, and office automation. These fields of electrical engineering, 
electronics, and office automation require a high level of impact resistance and 
nonflammability (UL 94V) in products such as personal computer trim parts. 
[0003] 

A method used in the past to improve the nonflammability of these resin 
compositions was to compound a polycarbonate with a large quantity of a polymer or an 
oligomer of a carbonate derivative of brominated bisphenol A. However, while the 
nonflammability of a polycarbonate resin is indeed improved by the addition of a large 
amount of a polymer or an oligomer of a carbonate derivative of brominated bisphenol A 
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as a flame retardant, a problem is that impact resistance decreases, which makes the 
molded article more prone to cracking. Also, because a large quantity of halogen 
compounds including bromine are added, there is the danger that gas containing these 
halogens will be generated during burning, so from an environmental standpoint as well, 
it is preferable to use a flame retardant that does not contain halogens such as chlorine 
and bromine. 

[0004] 

Phosphoric esters and silicone resins are known as flame retardants that contain no 
halogens. For example, Japanese Patent Publication S62-25706 proposes the addition of 
a phosphoric ester in order to improve the nonflammability of a polycarbonate-based 
resin. Nevertheless, raising the nonflammability of these resin compositions requires the 
addition of a large amount of phosphoric ester, and the problem with this is that it 
diminishes the heat resistance and impact resistance of a resin molded article. 
[0005] 

In contrast, silicone resins have high heat resistance and generate no harmful gases 
when burned, and furthermore silicone resins themselves are highly safe, and as such 
have been used as flame retardants for polycarbonate-based resins. 

A silicone compound that serves as a flame retardant is a polymer including one or 
more of the following four siloxane units (M units, D units, T units, and Q units). 
[0006] 

[Third Chemical Formula ] 

M units D units T units Q units 

7 ? 7 ? 

R — Si — O- — O— Si-O— — o— Si-O— — O— Si-O— 
I I I I 

R R O o 

I I 

(R 3 SiO 05 ] [RzSiOlo} [RSi0 15 ) [SiO 20 ] 

[0007] 

For example, Japanese Patent Publication S62-60421 discloses a nonflammable resin 
composition in which a silicone resin containing at least 80 wt% T units is added to a 
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thermoplastic resin. Japanese Laid-Open Patent Application H5-86295 discloses a 
nonflammable resin composition in which a silicon resin containing 30 to 99 mol% T 
units, 0 to 80 mol% D units, 1 to 70 mol% M units, and 0 to 50 mol% Q units is added to 
a synthetic resin such as a polycarbonate. 
[0008] 

Still, very few of the silicone resins discussed in these publications have a significant 
flame retardant effect when they are added by themselves, and a large amount of silicone 
resin must be added in order to satisfy the stringent nonflammability requirements of 
electrical and electronic device applications. As a result, this can have an adverse effect 
on the moldability, kneadability, and other required characteristics of the plastic, and is 
also disadvantageous in terms of cost, and is therefore impractical. 
[0009] 

There have also been proposed methods in which a silicone compound is used 
together with a metal salt in an effort to reduce the amount of silicone compound that is 
added. For instance, Japanese Laid-Open Patent Application S56- 100853 discloses a 
nonflammable resin composition in which a silicone made up of D units and a Group Ha 
metal salt of a Ch to C20 carboxylic acid are added to a polymer such as a polycarbonate. 
Japanese Patent Publication H3-48947 discloses a nonflammable composition in which a 
silicone resin made up of M and Q units is compounded along with another silicone resin 
and a Group Ha metal salt of carboxylic acid. However, the effect in terms of 
nonflammability is still inferior even when a silicone compound is used together with a 
metal salt, so to achieve an adequate flame retardant effect, either the amount in which 
the silicone resin is added has to be increased, or aluminum hydroxide or another such 
inorganic nonflammable filler or a halogen has to be used together with a phosphorus 
compound. 

[0010] 

Thus, when a silicone resin is added as a flame retardant, an adequate 
nonflammability effect will not be obtained unless the added amount is large, but if this 
amount is increased, there is a marked decrease in the moldability of the resin 
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composition, the appearance and mechanical strength of the molded article, and so on, 
and since silicone resins are themselves quite costly, a problem with compounding them 
in a polycarbonate-based resin is that the material cost goes up. Accordingly, there has 
been a need for the development of a silicone resin additive with a better nonflammability 
effect, or an additive that enhances the effect when used together with a silicone resin. 
[0011] 

Japanese Laid-Open Patent Application H10-139964 proposes a nonflammable resin 
composition in which a silicone resin containing D and T units, expressed by the 
following formula and having a molecular weight (weight average molecular weight) of 
10,000 to 270,000, is compounded with an aromatic polycarbonate. 
[0012] 

[Fourth Chemical Formula ] 



R' R R R 

FT S °-f~Sj OySj °~tr S 
R' R O R 



R' 



[0013] 

Japanese Laid-Open Patent Application HI 1-140294 proposes a nonflammable 
polycarbonate resin composition in which a silicone resin that contains 50 to 90 mol% T 
units, contains 10 to 50 mol% D units, and contains at least 80 mol% (out of the total 
organic substituents) phenyl groups is compounded with an aromatic polycarbonate resin. 

However, with the nonflammable polycarbonate resin compositions discussed in 
Japanese Laid-Open Patent Applications H10-139964 and HI 1-140294, the burn time is 
still long and dripping is unsatisfactory, and nonflammability still comes up short in a 
combustibility test according to UL 94, which is widely used for evaluation in actual 
practice. 

[0014] 

Japanese Laid-Open Patent Application HI 1-217494 discloses a nonflammable 
polycarbonate resin composition in which a polycarbonate resin is compounded with a 
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silicone compound whose main structural unit is the structure expressed by the following 
formula, that is, a D unit, being made up of D units and T units and/or Q units and having 
an aromatic group as an organic functional group, and with a metal salt of an aromatic 
sulfur compound and a fluorine-containing polymer. 
[0015] 

[Fifth Chemical Formula ] 



x 

i 

-Si— o- 

i 

X 



r R i 

i 

Si-O 

I 



r R n ro 



i 



•Si-O 

I 

o 

I 



Si — O 
I 

o 

I 



X 

I 

-Si- 



[0016] 

(In the formula, R and X are organic functional groups.) 

However, a drawback to the nonflammable resin composition discussed in this 
Japanese Laid-Open Patent Application HI 1-217494 is that it makes use of a silicone 
resin with a high molecular weight, which hampers dispersion into the polycarbonate- 
based resin and tends to result in inadequate nonflammability. 

Japanese Laid-Open Patent Application HI 1-222559 discloses a nonflammable resin 
composition that contains 100 weight parts of a synthetic resin including an aromatic ring 
in its molecule, such as an aromatic polycarbonate resin, and 0.1 to 10 weight parts of an 
organosiloxane containing alkoxy groups and phenyl groups, expressed by the 
compositional formula R 1 rn R 3 n Si(OR 3 ) p (OH) q O (4 -m-n-i>-qy2 (where R 1 is a phenyl group, R 2 
is a Ci to C 6 univalent hydrocarbon group other than a phenyl group, R 3 is a Ci to C 4 
univalent hydrocarbon group, 0.5 < m < 2.0, 0 < n < 0.9, 0.42 < p < 2.5, 0 < q < 0.35, and 
0.92 <m + n + p + q< 2.8). However, a resin composition that contains such a silicone 
alone has insufficient nonflammability, and in particular, when a silicone having OH 
groups is mixed into a polycarbonate-based resin composition, it tends to agglomerate 
and does not disperse well into the resin, making it difficult to achieve adequate 
nonflammability. 
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[0017] 



Japanese Laid-Open Patent Application H8-225737 discloses a thermoplastic molding 
compound containing (A) a thermoplastic aromatic polycarbonate, (B) a thermoplastic 
copolymer of (B-l) styrene, oc-methylstyrene, styrene with an alkyl-substituted ring, Q to 
Cg alkyl acrylate, Ci to C 8 alkyl methacrylate, or a mixture of these and (B-2) 
acrylonitrile, methacrylonitrile, Ci to Cg alkyl acrylate, C\ to Cg alkyl methacrylate, 
maleic anhydride, N-substituted maleic acid imide, vinyl acetate, or a mixture of these, 
and/or a copolymer or polycondensate composed of [the above and] a thermoplastic 
polyalkylene terephthalate, (C) a graft polymer in which styrene, a-methylstyrene, 
styrene with an alkyl-substituted ring, C x to Cg alkyl acrylate, Ci to Cg alkyl 
methacrylate, or a mixture of these and (C) [sic] acrylonitrile, methacrylonitrile, Cj to Cg 
alkyl acrylate, Ci to Cg alkyl methacrylate, maleic anhydride, N-substituted maleic acid 
imide, vinyl acetate, or a mixture of these are grafted on rubber with a glass transition 
temperature TG < 10°C, (D) a hydroxyl-containing silicone resin expressed by 
R x Si(OR l ) y O(4_ x _ y) / y (where R is a univalent hydrocarbon group that may itself be 
substituted, and in particular is a methyl or phenyl group, R' is an alkyl group or 
hydrogen group [sic], x is a number from 0.75 to 1.75, and y is a number from 0.0001 to 
0.5), with this silicone resin being made up of units expressed by the formula Si0 4/2 , 
RSi0 3/2 , R2SiC>2/2, and/or R 3 SiOi/2, and (E) a phosphorus compound expressed by the 
following formula. 

[0018] 

[Sixth Chemical Formula ] 




n 




Proof — 12/04/2000 



Reference Number = QS-763P010 



Date submitted: December 4, 2000 
Japanese Patent Application 2000-369113 
Pa ge: 11/42 



[0019] 

(In the formula, n is an integer from 1 to 5, R 1 is a methyl group, 1 is a number from 0 
to 5, R 2 is a methyl group, and m is an integer from 0 to 5.) 

This resin composition discussed in Japanese Laid-Open Patent Application H8- 
225737, however, makes use of a high-molecular weight silicone resin including 
hydroxyl groups (Si-OH), so nonflammability is inadequate, and a large amount of 
phosphoric ester has to be used in order to achieve an acceptable level of 
nonflammability. 

[0020] 

As a result of diligent study aimed at solving the above problems, the inventors 
discovered that a dramatic increase in the nonflammability of a resin composition can be 
achieved by using a specific phosphoric ester together with an alkoxy group-containing 
organosiloxane expressed by a specific compositional formula in a polycarbonate-based 
resin or a blend with another thermoplastic resin. In particular, the present invention was 
perfected upon attaining a high level of nonflammability while maintaining the fluidity, 
impact resistance, heat resistance, and other characteristics of a blend with another 
thermoplastic resin such as a styrene-butadiene-based blend by using a small amount of 
phosphoric ester and an alkoxy group-containing organosiloxane in this blend. 
[0021] 
Object of the Invention 

It is an object of the present invention to provide a nonflammable resin composition 
with high heat resistance, excellent impact resistance, and also excellent 
nonflammability. 

[0022] 

Summary of the Invention 
The nonflammable resin composition pertaining to the present invention is 
characterized by containing: 

(A-l) a polycarbonate-based resin; 

(B) a phosphoric ester expressed by the following formula: 
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[0023] 

[Seventh Chemical Formula ] 
o o 



R' — 0-P-(X-P -fc O-R 4 



OR* 



[0024] 



(where R 1 , R 2 , R 3 , and R 4 are each independently a d to C 30 hydrocarbon; X is a Cj 
to C 30 divalent organic group that may contain an oxygen atom and/or a nitrogen atom; 
and m is an integer from 0 to 5); and 

(C) an alkoxy group-containing organosiloxane expressed by the following average 
compositional formula: 

R\Si(OR 2 ) b O (4 - a -b)/2 .-•(!) 

(where R 1 is a substituted or unsubstituted univalent hydrocarbon group containing an 
aryl group as an essential component; R 2 is a substituted or unsubstituted univalent 
hydrocarbon group; R 1 and R 2 may be the same as or different from each other; 0.2 < a < 
2.7; 0.2 < b < 2.4; and a + b < 3), 

said phosphoric ester (B) being contained in an amount of 0.5 to 20 weight parts and 
said alkoxy group-containing organosiloxane (C) in an amount of 0.05 to 20 weight parts 
per 100 weight parts of the polycarbonate-based resin (A-l). 



Also, the polycarbonate-based nonflammable resin composition pertaining to the 
present invention is characterized by containing: 
(A-l) a polycarbonate-based resin; 

(A-2) a thermoplastic resin other than a polycarbonate-based resin; 
(B) a phosphoric ester expressed by the following formula: 
[0026] 

[Eighth Chemical Formula ] 



[0025] 



o 



o 




OR 2 



OR 3 
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[0027] 

(where R 1 , R 2 , R 3 , and R 4 are each independently a Ci to C 30 hydrocarbon; X is a Ci 
to C 30 divalent organic group that may contain an oxygen atom and/or a nitrogen atom; 
and m is an integer from 0 to 5); and 

(C) an alkoxy group-containing organosiloxane expressed by the following average 
compositional formula: 

R^Si(OR\CVa- b)/2 ...(1) 

(where R 1 is a substituted or unsubstituted univalent hydrocarbon group containing an 
aryl group as an essential component; R 2 is a substituted or unsubstituted univalent 
hydrocarbon group; R 1 and R 2 may be the same as or different from each other; 0.2 < a < 
2.7; 0.2 < b < 2.4; and a + b < 3), 

said phosphoric ester (B) being contained in an amount of 0.5 to 20 weight parts and 
said alkoxy group-containing organosiloxane (C) in an amount of 0.05 to 10 weight parts 
per combined 100 weight parts of the polycarbonate -based resin (A-l) and the 
thermoplastic resin other than a polycarbonate-based resin (A-2). 
[0028] 

It is preferable for the above-mentioned phosphoric ester to be bisphenol A- 
tetraphenyl diphosphate (BPADP) or bisphenol A tetracresyl diphosphate. 

It is preferable for the alkoxy group-containing organosiloxane (C) to have a weight 
average molecular weight between 300 and 6000, to include a branched structure, and to 
contain substantially no silanol groups (SiOH). 
[0029] 

It is preferable for the thermoplastic resin (A-2) to be one or more types of resin 
selected from the group consisting of: 

polymers including as a structural component (a) an aromatic vinyl monomer 
component; 

copolymers including as structural components (a) an aromatic vinyl monomer 
component and (b) a vinyl cyanide monomer component; 
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copolymers including as structural components (a) an aromatic vinyl monomer 
component, (b) a vinyl cyanide monomer component, and (c) a rubber-like polymer; 
aromatic polyesters; 
polyphenylene ethers; 
polyether imides; and 
polyphenylene sulfides. 
[0030] 

It is preferable for the thermoplastic resin (A-2) to be one or more types of resin 
selected from the group consisting of ABS resins, AES resins, ACS resins, AAS resins, 
and polystyrene resins. 

It is preferable for the nonflammable resin composition pertaining to the present 
invention to further contain (D) an anti-drip agent in an amount of 0.01 to 10 weight parts 
per 100 weight parts of the polycarbonate-based resin (A-l) or per combined 100 weight 
parts of the polycarbonate-based resin (A-l) and the thermoplastic resin (A-2). 
Polytetrafluoroethylene (PTFE) is favorable as this anti-drip agent. 
[0031] 

The nonflammable resin composition pertaining to the present invention may further 
contain (E) an alkali (alkaline earth) metal salt of a perfluoroalkanesulfonic acid in an 
amount of 0.01 to 3 weight parts per 100 weight parts of the polycarbonate-based resin 
(A-l) or per combined 100 weight parts of the polycarbonate-based resin (A-l) and the 
thermoplastic resin (A-2). 
[0032] 

This composition may further contain (F) an epoxy-based stabilizer in an amount of 
0.01 to 5 weight parts per 100 weight parts of the polycarbonate-based resin (A-l) or per 
combined 100 weight parts of the polycarbonate-based resin (A-l) and the thermoplastic 
resin (A-2). 

It is preferable for the above-mentioned epoxy-based stabilizer to be 
3,4-epoxycyclohexylmethyl-3\4'-epoxycyclohexanecarboxylate or bis-(3,4- 

epoxycyclohexyl) adipate. 
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[0033] 

The electrical or electronic device part pertaining to the present invention is 
characterized by being formed from the above-mentioned nonflammable resin 
composition. The housing material pertaining to the present invention is also 
characterized by being formed from the above-mentioned nonflammable resin 
composition. 

[0034] 

Specific Description of the Invention 
The nonflammable resin composition of the present invention will now be described. 
The nonflammable resin composition pertaining to the present invention is 
characterized by containing (A-l) a polycarbonate-based resin alone or (A-l) a 
polycarbonate-based resin and (A-2) a thermoplastic resin, (B) a phosphoric ester, and 
(C) an alkoxy group-containing organosiloxane. 
[0035] 

Polycarbonate-based resin (A-l) 

The polycarbonate-based resin (A-l) used in the present invention is an aromatic 
homopolycarbonate or aromatic copolycarbonate obtained by reacting an aromatic 
dihydroxy compound with a carbonate precursor. 

A carbonate-based resin has repeating structural units expressed by the following 
formula (1). 

[0036] 

[Ninth Chemical Formula ] 

_<0_A-0-C)— ... (1) 

[0037] 

(In the above formula, A is a divalent residue derived from an aromatic dihydroxy 
compound.) 

Examples of aromatic dihydroxy compounds include mononuclear and polynuclear 
aromatic compounds that contain two hydroxy groups (functional groups) and in which 
each hydroxy group is directly bonded to a carbon atom of the aromatic ring. 
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[0038] 

The bisphenol compounds expressed by the following formula (2) are specific 
examples of aromatic dihydroxy compounds. 
[0039] 

[Tenth Chemical Formula ] 

(2) 

(In the formula, R a and R b may be the same or different, and are each a halogen atom 
or a univalent hydrocarbon group; m and n are integers from 0 to 4; 
R c R c 

I I 

x is -C-C-, -C-, -C-, -O- -CO- -S-, -SO-, -S0 2 - or 
I I II 

R d R d R e 





[0040] 

R c and R c are each a hydrogen atom or a univalent hydrocarbon group, and a cyclic 
structure may be formed from R c and R d ; and R e is a divalent hydrocarbon group.) 

Specific examples of the aromatic dihydroxy compounds expressed by formula (2) 
include bis(hydroxyaryl)alkanes such as bis(4-hydroxyphenyl)methane, l,l-bis(4- 
hydroxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane (also called bisphenol A), 
2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl)octane, 
bis(4-hydroxyphenyl)phenylmethane, 2,2-bis(4-hydroxy-l-methylphenyl)propane, 
l,l-bis(4-hydroxy-tert-butylphenyl)propane, 2,2-bis(4-hydroxy-3-bromophenyl)propane, 
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and 2,2-bis(4-hydroxy-3,5-dibromophenyl)propane; bis-(hydroxyaryl)cycloalkanes such 
as 1 , 1 -bis (hydroxyphenyl)cyclopentane and 1 , 1 -bis(4-hydroxyphenyl)cyclohexane; 
dihydroxyaryl ethers such as 4,4'-dihydroxydiphenyl ether and 4,4'-dihydroxy-3,3 f - 
dimethylphenyl ether; dihydroxydiarylsulfides such as 4,4'-dihydroxydiphenylsulfide and 
4,4 , -dihydroxy-3,3'-dimethyldiphenylsulfide; dihydroxydiarylsulfoxides such as 4,4- 
dihydroxydiphenylsulfoxide and 4,4 -dihydroxy-3,3'-dimethyldiphenylsulfoxide; and 
dihydroxydiarylsulfones such as 4,4'-dihydroxydiphenylsulfone and 4,4'-dihydroxy-3,3'- 
dimethyldiphenylsulfone. 



Of these aromatic dihydroxy compounds, the use of 2,2-bis(4-hydroxyphenyl)- 
propane is especially desirable. 

Other aromatic dihydroxy compounds that can be used besides those of the above- 
mentioned formula (2) are the aromatic dihydroxy compounds expressed by the 
following formula (3). 
[0042] 

[Eleventh Chemical Formula ] 
<R P > P 



(Where each R' is independently a Ci to Cio hydrocarbon group, a halogen atom, or a 
halogenated hydrocarbon group in which at least one of said hydrocarbon groups has 
been substituted with a halogen atom, and p is an integer from 0 to 4.) 

Examples of these compounds include resorcinol; substituted resorcinols such as 
3-methylresorcinol, 3-ethylresorcinol, 3-propylresorcinol, 3-butylresorcinol, 3-tert- 
butylresorcinol, 3-phenylresorcinol, 3-cumylresorcinol, 2,3,4,6-tetrafluororesorcinol, and 
2,3,4,6-tetrabromoresorcinol; catechol; and hydroquinone and substituted hydroquinones 
such as 3-methylhydroquinone, 3-ethylhydroquinone, 3-propylhydroquinone, 



[0041] 




[0043] 
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3-butylhydroquinone, 3-tert-butylhydroquinone, 3-phenylhydroquinone, 

3-cumylhydroquinone, 2,3,5,6-tetramethylhydroquinone, 2,3,5,6-tetra-tert- 

butylhydroquinone, 2,3,5,6-tetrafluorohydroquinone, and 

2,3,5,6-tetrabromohydroquinone. 
[0044] 

Another aromatic dihydroxy compound that can be used besides those of the above- 
mentioned formula (2) is the 2,2,2',2 -tetrahydro-3,3,3',3'-tetramethyl-l,r-spirobi-[lH- 
inden]-7,7 -diol expressed by the following formula. 
[0045] 

[Twelfth Chemical Formula ] 




[0046] 

These aromatic dihydroxy compounds may be used singly or in combinations of two 
more types. 

The polycarbonate may be either linear or branched. It may also be a blend of a 
linear polycarbonate and a branched polycarbonate. 
[0047] 

A branched polycarbonate can be obtained by reacting a polyfunctional aromatic 
compound with an aromatic dihydroxy compound and a carbonate precursor. Typical 
examples of such polyfunctional aromatic compounds are listed in U.S. Patents 
3,028,385, 3,334,154, 4.001,124, and 4,131,576. Specific examples include l,l,l-tris(4- 
hydroxyphenyl)ethane, 2,2',2 M -tris(4-hydroxyphenyl)diisopropylbenzene, (a-methyl- 
a,a',a , -tris(4-hydroxyphenyl)-l,4-diethylbenzene, a,a , ,a M -tris(4-hydroxyphenyl)-l,3,5- 
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triisopropylbenzene, fluoroglycine, 4,6-dimethyl-2,4,6-tri(4-hydroxyphenyl)heptane-2, 
l,3,5-tri(4-hydroxyphenyl)benzene, 2,2-bis-[4,4-(4,4'-dihydroxyphenyl)-cyclohexyl]- 
propane, trimellitic acid, 1,3,5-benzenetricarboxylic acid, and pyromellitic acid. Of 
these, the use of l,l,l-tris(4-hydroxyphenyl)ethane, a,a',cc"-tris(4-hydroxyphenyl)- 1,3,5- 
triisopropylbenzene, or the like is preferable. 
[0048] 

There are no particular restrictions on the intrinsic viscosity of this polycarbonate- 
based resin as measured 25°C in methylene chloride, and it can be appropriately selected 
as dictated by the intended application and moldability, but is usually at least 0.26 dL/g, 
and preferably 0.30 to 0.98 dL/g, and even more preferably 0.34 to 0.64 dL/g. When 
calculated as the viscosity average molecular weight, it usually should be at least 10,000, 
and preferably 12,000 to 50,000, and even more preferably 14,000 to 30,000. It is also 
possible to use a mixture of polycarbonate resins with different intrinsic viscosities. The 
viscosity average molecular weight (Mv) is found by measuring the intrinsic viscosity 
(limiting viscosity [number] tO at 20°C in methylene chloride, and then calculating from 
the Mark-Houwink viscosity equation: 

T] = Kx(Mv) a (K = 1.23 x 10" 4 ,a = 0.83) 
[0049] 

The polycarbonate-based resin used in the present invention is manufactured by a 
known method. Examples include the following. 

(1) A method in which a polycarbonate is synthesized by subjecting an aromatic 
dihydroxy compound and a carbonate precursor (such as a carbonic diester) to an ester 
interchange reaction while molten (melt method). 

(2) A method in which an aromatic dihydroxy compound and a carbonate precursor 
(such as phosgene) are reacted in a solution (interfacial method). 

[0050] 

These manufacturing methods are discussed, for example, in Japanese Laid-Open 
Patent Applications H2-175723 and H2-124934, U.S. Patents 4,001,184, 4,238,569, 
4,238,597, and 4,474,999, and elsewhere. 



Proof — 12/04/2000 



Reference Number = QS-763P010 



Date submitted: December 4, 2000 
Japanese Patent Application 2000-369113 
Pa ge : 20/42 



With the present invention, a thermoplastic resin other than a polycarbonate (A-2) 
may also be used along with this polycarbonate-based resin (A-l). 
[0051] 

Thermoplastic resin other than a polycarbonate (A-2) 

With the present invention, a thermoplastic resin other than a polycarbonate 
(hereinafter referred to merely as a thermoplastic resin) may be contained along with the 
above-mentioned polycarbonate. Any thermoplastic resin other than a polycarbonate can 
be used as the thermoplastic resin (A-2), with no particular restrictions thereon, but this is 
preferably one or more types of resin selected from the following group. 

(1) polymers including as a structural component (a) an aromatic vinyl monomer 
component 

(2) copolymers including as structural components (a) an aromatic vinyl monomer 
component and (b) a vinyl cyanide monomer component 

(3) copolymers including as structural components (a) an aromatic vinyl monomer 
component, (b) a vinyl cyanide monomer component, and (c) a rubber-like polymer 

(4) aromatic polyesters 

(5) polyphenylene ethers 

(6) polyether imides 

(7) polyphenylene sulfides 

[0052] 

All of the resins listed above can be purchased as commercial products, and there are 
no particular restrictions on the manufacturing method, etc. 
(Co)polymer (1) 

First, the polymers including (a) an aromatic vinyl monomer component (1) will be 
described. 

Examples of the aromatic vinyl monomer component (a) include styrene, 
cc-methylstyrene, o-, m-, or p-methylstyrene, vinylxylene, monochlorostyrene, 
dichlorostyrene, monobromostyrene, dibromostyrene, fluorostyrene, p-tert-butyl styrene, 
ethylstyrene, and vinylnaphthalene. The polymer used in the present invention may be a 
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homopolymer of one of these, or it may be a copolymer of two or more different 
monomers. Of these monomers, styrene and a-methylstyrene are particularly favorable. 
A favorable example of a polymer is a styrene resin. 
[0053] 

There are no particular restrictions on the method for manufacturing this (co)polymer, 
and any ordinary known method can be employed, such as bulk polymerization, solution 
polymerization, bulk suspension polymerization, suspension polymerization, and 
emulsion polymerization. The desired (co)polymer can also be obtained by blending 
separately polymerized resins. 

Copolymer (2) 

Next, the copolymers including (a) an aromatic vinyl monomer component and (b) a 
vinyl cyanide monomer component (2) will be described. 
[0054] 

Examples of the aromatic vinyl monomer component (a) are the same as above. 

Examples of the vinyl cyanide monomer component (b) include acrylonitrile and 
methacrylonitrile. One of more types of these components may be contained in the 
copolymer. 

[0055] 

There are no particular restrictions on the compositional ratio (a)/(b), which should be 
selected according to the application. (a)/(b) is preferably such that (a) accounts for 50 to 
95 wt% and (b) for 5 to 50 wt%, and even more preferably such that (a) accounts for 65 
to 92 wt% and (b) for 8 to 35 wt%. 

A favorable example of the above-mentioned polymer is an SAN resin (styrene- 
acrylonitrile copolymer). There are no particular restrictions on the method for 
manufacturing this copolymer, and any ordinary known method can be employed, such as 
bulk polymerization, solution polymerization, bulk suspension polymerization, 
suspension polymerization, and emulsion polymerization. The desired copolymer can 
also be obtained by blending separately polymerized resins. 
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[0056] 
Copolymer (3) 

Next, the copolymers including (a) an aromatic vinyl monomer component, (b) a 
vinyl cyanide monomer component, and (c) a rubber-like polymer (3) will be described. 
Examples of the aromatic vinyl monomer component (a) and the vinyl cyanide monomer 
component (b) are the same as above. 

Examples of the rubber-like polymer (c) include polybutadiene, polyisoprene, 
styrene-butadiene random copolymers and block copolymers, butadiene-isoprene 
copolymers, and other diene-based rubbers; ethylene-propylene random copolymers and 
block copolymers, copolymers of ethylene and oc-olefins, ethylene-methacrylate, 
ethylene-butyl acrylate, and other copolymers of ethylene and unsaturated carboxylic 
esters; acrylic ester-butadiene copolymers, such as a butyl acrylate-butadiene copolymer, 
and other acrylic elastomeric polymers; ethylene-vinyl acetate and other copolymers of 
ethylene and a fatty acid vinyl [salt]; ethylene-propylene-hexadiene copolymers and other 
ethylene-propylene non-conjugated diene terpolymers; butylene-isoprene copolymers, 
and chlorinated polyethylene. These can be used singly or in combinations. Preferable 
rubber-like polymers are ethylene-propylene non -conjugated diene terpolymers, diene 
rubbers, and acrylic elastomeric polymers, with polybutadiene and styrene-butadiene 
copolymers being particularly favorable. The styrene content in these is preferable 
50 wt% or less. 

[0057] 

This copolymer (3) is preferably a graft copolymer obtained by the graft 
polymerization of other components in the presence of the rubber-like polymer (c). It is 
particularly favorable for it to be a resin selected from among ABS resins (acrylonitrile- 
butadiene-styrene copolymers), AES resins (acrylonitrile-ethylene-styrene copolymers), 
ACS resins (acrylonitrile-chlorinated polyethylene-styrene copolymers), and AAS resins 
(acrylonitrile-acrylic elastomer-styrene copolymers). 
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[0058] 

The weight average molecular weight (Mw) of the above-mentioned (co)polymer (1) 
and copolymers (2) and (3) is preferably 30,000 to 200,000, with 30,000 to 150,000 being 
even better, and 30,000 to 110,000 being particularly good. 

To the extent that the object of the present invention is not compromised, monomers 
that are copolymerizable with the above-mentioned components (a), (b), and (c) may also 
be copolymerized with these components in the above-mentioned (co)polymer (1) and 
copolymers (2) and (3). Examples of such copolymerizable monomers include acrylic 
acid, methacrylic acid, and other oc,P-unsaturated carboxylic acids, methyl 
(meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, butyl (meth)acrylate, 2-ethyl 
(meth)acrylate, 2-ethylhexyl methacrylate, and other a,(3-unsaturated carboxylic esters; 
maleic anhydride, itaconic anhydride, and other a,(3-unsaturated dicarboxylic anhydrides; 
and maleimide, N-methylmaleimide, N-ethylmaleimide, N-phenylmaleimide, N-o- 
chlorophenylmaleimide, and other cc,|3-unsaturated dicarboxylic acid imide compounds. 
These monomers may be used singly or in combinations. 
[0059] 

There are no particular restrictions on the method for manufacturing this copolymer, 
and it can be manufactured by bulk polymerization, bulk suspension polymerization, or 
solution polymerization. 

Aromatic polyesters (4) 

Aromatic polyesters are themselves known, and are polyesters having an aromatic 
ring at a chain unit of the polymer. These polymers and copolymers are obtained by a 
polycondensation reaction in which the main components are an aromatic dicarboxylic 
acid and a diol (or an ester-forming derivative thereof). 
[0060] 

Examples of aromatic dicarboxylic acids include terephthalic acid, isophthalic 
acid, ortho-phthalic acid, 1,5-naphthalenedicarboxylic acid, naphthalene-2,5-dicarboxylic 
acid, naphthalene-2,6-dicarboxylic acid, biphenyl-2,2'-dicarboxylic acid, biphenyl-3,3'- 
dicarboxylic acid, biphenyl-4,4'-dicarboxylic acid, biphenylsulfone-4,4'-dicarboxylic 
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acid, diphenylisopylidene-4,4'-dicarboxylic acid, l,2-bis(phenoxy)ethane-4,4'- 
dicarboxylic acid, anthracene-2,5-dicarboxylic acid, anthracene-2,6-dicarboxylic acid, 
p-terphenylene-4 /Tricarboxylic acid, and pyridine-2,5-didicarboxylic acid. Terephthalic 
acid is preferable. 

[0061] 

These aromatic dicarboxylic acids may also be used as a mixture of two or more 
types. Also, as long as the amount is small, one or more aliphatic dicarboxylic acids, 
such as adipic acid, azelaic acid, dodecandioic acid, and sebacic acid, or one or more 
alicyclic dicarboxylic acids, such as cyclohexanedicarboxylic acid, can be mixed in with 
the above aromatic dihydroxy acids. 

Examples of diol components include ethylene glycol, propylene glycol, butylene 
glycol, hexylene glycol, neopentyl glycol, 2-methylpropane-l,3-diol, diethylene glycol, 
triethylene glycol, and other aliphatic diols, and cyclohexane-l,4-dimethanol, and other 
alicyclic diols, as well as mixtures of these. Also, as long as the amount is small, one or 
more types of long-chain diol with a molecular weight of 400 to 6000, such as 
polyethylene glycol, poly-l,3-propylene glycol, or polytetramethylene glycol, can be 
copolymerized. 

[0062] 

Specific examples of aromatic polyester resins include polyethylene terephthalate 
(PET), polypropylene terephthalate, polybutylene terephthalate (PBT), polyethylene 
naphthalate, polybutylene naphthalate, polyethylene- l,2-bis(phenoxy)ethane-4,4'- 
dicarboxylate, and polycyclohexanedimethanol terephthalate. Of these, PBT and PET are 
preferred. 

[0063] 
Polyphenylene ether (5) 

Polyphenylene ether (PPE) is a known resin having substituted or unsubstituted 
phenylene ether repeating units. Specific examples include poly(2,6-dimethyl-l,4- 
phenylene) ether, poly(2,6-diethyl-l,4-phenylene) ether, poly(2-methyl-6-ethyl-l,4- 
phenylene) ether, poly(2-methyl-6-propyl-l,4-phenylene) ether, poly(2,6-dipropyl-l,4- 
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phenylene) ether, poly(2-ethyl-6-propyl-l,4-phenylene) ether, poly(2,6-dimethoxy-l,4- 
phenylene) ether, poly(2,6-dichloromethyl-l,4-phenylene) ether, poly(2,6- 
dibromomethyl-l,4-phenylene) ether, poly(2,6-diphenyl-l,4-phenylene) ether, poly(2,6- 
ditolyl-l,4-phenylene) ether, poly(2,6-dichloroyl-l,4-phenylene) ether, poly(2,6- 
dibenzyl-l,4-phenylene) ether, and poly(2,6-dimethyl-l,4-phenylene) ether. 
[0064] 

The PPE copolymer can be a copolymer containing an alkyl-trisubsituted phenol, 
such as 2,3,6-trimethylphenol, in some of the phenylene ether repeating units. It may 
also be a copolymer in which a styrene compound has been grafted to a PPE. Styrene 
compound-grafted polyphenylene ether include copolymers obtained by the graft 
polymerization of one of the above-mentioned PPE's with a styrene compound such as 
styrene, a-methyl styrene, vinyltoluene, or chlorostyrene. PPE is commercially available 
under the trademark Noryl, made by GE Plastics Japan. 
[0065] 

Polvether imide (6) 

Polyether imide is a known resin, an example of which is Ultem, a trademark of GE 
Plastics Japan. 

Polyphenylene sulfide (7) 

Polyphenylene sulfide (PPS) is a known resin having substituted or unsubstituted 
phenylene sulfide repeating units. Examples include those available from Phillips 
Petroleum, Tosoh Susteel [uncertain spelling], Tohpren, Kureha Chemical, and so on. 
[0066] 

Copolymers (1) and (3) are preferable as the thermoplastic resin used in the present 
invention, and it is even more favorable to use a resin selected from among HIPS (high 
impact polystyrene), ABS resins (acrylonitrile-butadiene-styrene copolymers), AES 
resins (acrylonitrile-ethylene-styrene copolymers), ACS resins (acrylonitrile-chlorinated 
polyethylene-styrene copolymers), and AAS resins (acrylonitrile-acrylic elastomer- 
styrene copolymers). ABS resins and HIPS are particularly favorable. 
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[0067] 

It is favorable for this thermoplastic resin (A-2) to be such that its weight ratio (A- 
l:A-2) with the polycarbonate-based resin (A-l) is 99:1 to 1:99, and preferably 30:70 to 
70:30. 

Phosphoric ester (B) 
A compound expressed by the following formula is used as the phosphoric ester. 
[0068] 

[Thirteenth Chemical Formula ] 



aw* or? 

[0069] 

In the formula, R 1 , R 2 , R 3 , and R 4 are each independently a hydrocarbon group with 1 
to 30 carbon atoms, and preferably 1 to 5, and preferably a substituted or unsubstituted 
aromatic hydrocarbon group. If it is substituted, examples of substituents include alkyl 
groups, alkoxy groups, alkylthio groups, halogens, aryl groups, and aryloxy groups. 

Examples of R 1 , R 2 , R 3 , and R 4 here include a phenyl group, cresyl group, xylenyl 
group (such as a 2,6-xylenyl group), trimethylphenyl group, ethylphenyl group, cumyl 
group, and butylphenyl group. If a hydrocarbon group is thus contained, the resulting 
resin composition will have particularly outstanding flame retardancy. 
[0070] 

X is a C x to C 30 divalent organic group that may contain an oxygen atom and/or a 
nitrogen atom. This X is, for instance, -O-Y'-O- (where Y 1 is a substituted or 
unsubstituted aromatic hydrocarbon group, and preferably a 1 ,4-phenylene group, 
1,3-phenylene group, etc.) or -0-Y 2 -R 5 -Y 3 -0- (where Y 2 and Y 3 are divalent 
substituted or unsubstituted aromatic hydrocarbon groups, specific examples of which 
include substituted or unsubstituted phenylene groups; and R 5 is a Ci to C 8 divalent 
hydrocarbon group or an oxy hydrocarbon group (-R 6 -0-; where R 6 is a Ci to C 8 
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divalent hydrocarbon group), and more specifically is a Ci to C 9 divalent, aliphatic 
hydrocarbon group, such as a 2,2-propylene group). X may be an organic group in 
which a nitrogen atom is bonded directly to a phosphorus atom, an example of which is a 
1,4-piperadinyl group (following formula). 
[0071] 

[Fourteenth Chemical Formula ] 
- — N H 

w 

[0072] 

m is an integer from 0 to 5. 

Favorable phosphoric esters include bisphenol A tetraphenyl diphosphate (BPADP), 
triphenyl phosphate, tricresyl phosphate, cresyldiphenyl phosphate, bisphenol A 
tetracresyl diphosphate, resorcinol tetrakis(2,6-dimethylphenyl) phosphate, and 
tetraxylylpiperidine phosphoramide. Of these, bisphenol A tetraphenyl diphosphate 
(BPADP) and bisphenol A tetracresyl diphosphate are preferable as the phosphoric ester. 
[0073] 

The addition of this phosphoric ester (B) allows a molded article with superior flame 
retardancy to be obtained. 

The amount in which the phosphoric ester (B) is compounded in the flame retardant 
resin composition of the present invention is preferably 0.5 to 15 weight parts, and even 
more preferably 0.5 to 10 weight parts, per 100 weight parts of the polycarbonate-based 
resin (A-l) when the aqueous solution is used by itself, or per combined 100 weight parts 
of (A-l) and (A-2) when the polycarbonate-based resin (A-l) and the thermoplastic resin 
(A-2) are used together. The flame retardancy effect will be inadequate if the amount of 
phosphoric ester is less than 0.5 weight parts, but the original characteristics of the resin 
may be lost if 20 weight parts is exceeded. 
[0074] 

Alkoxv group-containing organosiloxane (C) 
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An alkoxy group-containing organosiloxane expressed by the following average 
compositional formula (1) is used as the silicone of component (C). 

R ! .Si(OR 2 )bO ( 4HHby2 - (1) 
In the formula, R l is a substituted or unsubstituted univalent hydrocarbon group 
containing an aryl group as an essential component, R 2 is a substituted or unsubstituted 
univalent hydrocarbon group, and R 1 and R 2 may be the same as or different from each 
other. 0.2 < a < 2.7, 0.2 < b < 2.4, and a + b < 3. 
[0075] 

Examples of R 1 include a methyl group, ethyl group, propyl group, butyl group, hexyl 
group, and other alkyl groups; vinyl group, propenyl group, butenyl group, and other 
alkenyl groups; phenyl group, biphenyl group, naphthalene, and other aryl groups; 
cyclohexyl group, cyclooctyl group, and other cycloalkyl groups; and groups in which the 
hydrogen atoms bonded to carbon atoms in the above groups have been substituted with 
halogen atoms, cyano groups, amino groups, or the like, such as a chloromethyl group, 
3,3,3-trifluoropropyl group, cyanomethyl group, y-aminopropyl group, N-(p-aminoethyl)- 
y-aminopropyl group, and so forth. From the standpoints of ease or synthesis or 
availability, or of the safety of the silicone compound, a methyl group, ethyl group, or 
phenyl group is preferred for industrial purposes. 
[0076] 

The silicone compound that is component C contains an aryl group (phenyl 
group) as an essential component among the R 1 groups. The aryl group content (phenyl 
group content) is preferably at least 20%. Below this amount, dispersibility in the 
polycarbonate-based resin will be poor, condensation between the aromatics will also be 
less apt to occur during burning, and the burning effect may decrease. It is particularly 
favorable for the aryl group content to be at least 50%. If the aryl group content is over 
90%, volumetric hindrance between the aromatic groups will lower the spatial freedom of 
the organosiloxane molecules and prevent their free movement within the resin, and this 
may preclude a significant flame retardancy effect from being attained. 
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[0077] 

Examples of R 2 include the methyl group, ethyl group, propyl group, butyl group, and 
hexyl group. A methoxy group, ethoxy group, or propoxy group can be used to 
advantage as the alkoxy group because of their good reactivity and ease of handling in an 
industrial setting. 

A characteristic of the present invention is that there is a dramatically synergistic 
effect on flame retardancy when a phosphoric ester is used together with one of the 
above-mentioned alkoxy group-containing organosiloxanes. The same effect cannot be 
achieved with either a phosphoric ester or an organosiloxane when added alone. 
[0078] 

It is believed that the alkoxy groups in the organosiloxane used in the present 
invention impart activity to the silicone compound, and therefore contribute to a 
synergistic flame retardant effect when used together with a phosphoric ester. Therefore, 
the value of b in the average compositional formula 1, that is, the number of moles of 
alkoxy groups per mole of silicon atoms, is preferably 0.2 to 2.4 (0.2 < c[sic] < 2.4), and 
even more preferably is between 0.4 and 2.2. If b is less than 0.2, the activity of the 
organosiloxane may be so low that an adequate flame retardant effect cannot be achieved, 
but if 2.4 is exceeded, the heat resistance of the organosiloxane itself may decrease, 
which would also lower the flame retardant effect. 
[0079] 

The R 1 content, that is, the value of a in formula 1, is preferably 0.2 to 2.7 (0.2 < a < 
2.7), and even more preferably is between 0.2 and 2.4 (where a + b < 3). If a is too small, 
the organosiloxane will not disperse well into the polycarbonate-based resin composition, 
but if a is too large, the heat resistance of the organosiloxane itself may suffer, which may 
make it impossible to achieve excellent flame retardancy. 
[0080] 

The weight average molecular weight of the alkoxy group-containing organosiloxane 
serving as component C should be 300 to 6000, and preferably between 300 and 4000. If 
the molecular weight is too low, then the organosiloxane will tend to bleed onto the 
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molded article surface after mixing with the resin composition, so there may be a 
decrease in the flame retardant effect. If the molecular weight is too high, though, the 
dispersibility of the organosiloxane into the resin will be poor, and the organosiloxane 
will move around with difficulty, so there may again be a decrease the flame retardant 
effect. 

[0081] 

It is preferable for the alkoxy group-containing organosiloxane used in the present 
invention to include a branched structure and contain substantially no silanol groups 
(SiOH). If even a small amount of silanol groups are contained, there may be 
pronounced agglomeration of the silicone itself, preventing flame retardancy from being 
achieved. 

The term "branched structure" as used here means that three or four siloxane residues 
are bonded to a single silicon atom of the organosiloxane. More specifically, it refers to a 
case when any of the following structural units is included. 
[0082] 

[Fifteenth Chemical Formula ] 



R» OR* O 

t I I 

-O-K-0- -O-Si-O- -O-Si-O- 

I I t 

coo 

I I I 



[0083] 

(R 1 and R 2 are defined the same as in formula 1 above.) 

It is preferable for the following structural unit (c-1) or (c-2) to be included in 
addition to the branched structure in the alkoxy group-containing organosiloxane used in 
the present invention. 

R\Si(OR 2 )20(,5 ... (c-1) 
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R\Si(OR 2 )0 ... (c-2) 

(R 1 and R 2 are defined the same as in formula 1 above.) 

The alkoxy group-containing organosiloxane may also include the following 
structural unit (c-3) or (c-4) in addition to the branched structure. 
[0084] 
Si(OR 2 ) 2 0 ... (c-3) 
Si(OR 2 ) 3 Oo. 5 .-.(c-4) 
(R 1 and R 2 are defined the same as in formula 1 above.) 

The alkoxy group-containing organosiloxane used in the present invention may 
further include a bifunctional unit (c-5) in which two hydrocarbon groups are bonded to a 
single silicon atom, or monofunctional units (c-6) and (c-7) in which three hydrocarbon 
groups are bonded to a single silicon atom, as shown by the following formulas. 
[0085] 
R^SiO ... (c-5) 

R^Si^R^Oos ... (c-6) 
R^SiOos ...(c-7) 
(R 1 and R 2 are defined the same as in formula 1 above.) 

The structural units expressed by these formulas (c-5) to (c-7) are contained in the 
organosiloxane in an amount of no more than 85 mol%, and preferably [no more than] 
50 mol%, and even more preferably no more than 85 mol%. If a large amount of 
bifunctional or monofunctional units are included, the heat resistance and crosslinking 
activity of the organosiloxane may be lower, which would decrease the flame retardancy. 
[0086] 

This organosiloxane can be any such commercially available product, with no 
particular restrictions imposed thereon. The organosiloxane can also be manufactured by 
a known method. For instance, the targeted alkoxy group-containing organosiloxane can 
be manufactured by subjecting an organoalkoxysilane or an organochlorosilane capable 
for forming siloxane units to a hydrolysis and condensation reaction with an excess of 
water to prepare a silanol group-containing polyorganosiloxane, and then using a known 
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method to silylate the silanol groups in the silanol group-containing polyorganosiloxane 
thus obtained. A silazane compound or a chlorosilane compound can be used favorably 
in this silylation. 

[0087] 

The amount in which the organosiloxane of component C is compounded with the 
flame retardant resin composition of the present invention should be 0.05 to 10 weight 
parts, and preferably 1 to 8 weight parts, per 100 weight parts of the polycarbonate-based 
resin (A-l) or per combined 100 weight parts of the polycarbonate -based resin (A-l) and 
the thermoplastic resin (A-2). If the amount of organosiloxane is less than 0.05 weight 
part, sufficient flame retardancy cannot be imparted, but exceeding 10 weight parts will 
have an adverse effect on the appearance and strength of the molded article. None of 
these organosiloxanes generates harmful gas when burned. 
[0088] 

If needed, the flame retardant resin composition pertaining to the present invention 
may further contain (D) an anti-drip agent, (E) a alkali (alkaline earth) metal salt of a 
perfluoroalkanesulfonic acid, or (F) an epoxy-based stabilizer. 

Anti-drip agent (D) 

The resin composition of the present invention includes an anti-drip agent. An anti- 
drip agent is an additive that serves to inhibit dripping during burning, and any known 
agent can be used. With the present invention, one that forms a fibril structure in the 
polycarbonate-based resin, typified by polytetrafluoroethylene (PTFE) and 
tetrafluoroethylene copolymers (such as a polytetrafluoroethylene/hexafluoropropylene 
copolymer), is favorable because it inhibits dripping better. 
[0089] 

Of the various types of polytetrafluoroethylene (PTFE) available, one that has 
excellent dispersibility, such as one in which PTFE is emulsified and dispersed in a 
solution of water or the like, or one in which the PTFE has been encapsulated with a resin 
typified by polycarbonates and styrene-acrylonitrile copolymers, or a master batch of 
PTFE and a resin typified by polycarbonates and styrene-acrylonitrile copolymers, is 
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preferred because it will impart a good surface appearance to the molded article 
composed of the polycarbonate composition. 
[0090] 

A polyphenylene ether (PPE) may also be used together with the above-mentioned 
polytetrafluoroethylene as the anti-drip agent (D) in the present invention. 

Furthermore, an inorganic anti-drip agent may be used together with the above- 
mentioned polytetrafluoroethylene as an anti-drip agent. Examples of inorganic anti-drip 
agents include silica, quartz, aluminum silicate, mica, alumina, aluminum hydroxide, 
calcium carbonate, talc, silicon carbide, silicon nitride, boron nitride, titanium oxide, iron 
oxide, and carbon black. 
[0091] 

The anti-drip agent is added in an amount of 0.01 to 10 weight parts, and preferably 
0.05 to 2 weight parts, and even more preferably 0.1 to 0.5 weight part, per 100 weight 
parts of the polycarbonate-based resin (A-l) when the polycarbonate-based resin (A-l) is 
used by itself, or per combined 100 weight parts of the polycarbonate-based resin (A-l) 
and the thermoplastic resin other than a polycarbonate-based resin (A-2) when the 
polycarbonate-based resin (A-l) and the thermoplastic resin other than a polycarbonate- 
based resin (A-2) are used together. 
[0092] 

Specific examples of commercially available PTFE include Teflon 30J (trademark of 
Mitsui DuPont Fluorochemical), Polyflon D-2C (trademark of Daikin Chemical 
Industries), and Aflon AD1 (trademark of Asahi Glass). 

Alkali (alkaline earth) metal salt of a perfluoroalkanesulfonic acid (G) \sic] 
A perfluoroalkanesulfonic acid is used as component E in the resin composition of 
the present invention. 
[0093] 

The alkali (alkaline earth) metal salt of a perfluoroalkanesulfonic acid is a sulfonic 
acid metal salt preferably having Ci to C !9 , and even more preferably C 4 to C 8 , 
perfluoroalkane groups. Examples of alkali (alkaline earth) metals include sodium, 
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potassium, lithium, cesium, rubidium, beryllium, magnesium, calcium, strontium, and 
barium. Of these, sodium and potassium are preferable, and potassium is especially 
good. 

[0094] 

Examples of this alkali (alkaline earth) metal salt of a perfluoroalkanesulfonic acid 
include a sodium salt of perfluorobutanesulfonic acid, a potassium salt of 
perfluorobutanesulfonic acid, a sodium salt of perfluoromethylbutanesulfonic acid, a 
potassium salt of perfluoromethylbutanesulfonic acid, a sodium salt of perfluoro- 
octanesulfonic acid, and a potassium salt of perfluoro-octanesulfonic acid, with 
potassium perfluorobutanesulfonate being particularly favorable. 
[0095] 

The alkali (alkaline earth) metal salt of a perfluoroalkanesulfonic acid (G)[sic] should 
be used in an amount of 0.01 to 3 weight parts, and preferably 0.01 to 0.1 weight part, 
and even more preferably 0.02 to 0.09 weight part, and more preferably still 0.03 to 0.08 
weight part, per 100 weight parts polycarbonate. 

Epoxv-based stabilizer (G) \sic] 

An epoxy-based stabilizer (G)[s/c] is added to the flame retardant resin composition 
pertaining to the present invention for the purpose of further enhancing hydrolysis 
resistance. Examples of this epoxy-based stabilizer include epoxidized soybean oil, 
epoxidized linseed oil, phenyl glycidyl ether, allyl glycidyl ether, t-butyl phenyl glycidyl 
ether, 3,4-epoxycyclohexylmethyl-3',4'-epoxycyclohexyl carboxylate, 3,4-epoxy-6- 
methylcyclohexylmethyl-S'^'-epoxy-e-methylcyclohexyl carboxylate, 
2,3-epoxycyclohexylmethyl-3',4'-epoxycyclohexyl carboxylate, 4-(3,4-epoxy-5- 
methylcyclohexy^butyl-S'^'-epoxycyclohexyl carboxylate, 3,4-epoxycyclohexylethylene 
oxide, cyclohexylmethyl-3,4-epoxycyclohexyl carboxylate, 3,4-epoxy-6- 
methylcyclohexylmethyl-6 -methylcyclohexyl carboxylate, bisphenol A diglycidyl ether, 
tetrabromobisphenol A glycidyl ether, a diglycidyl ester of phthalic acid, a diglycidyl 
ester of hexahydrophthalic acid, bis-epoxydicyclopentadienyl ether, bis-epoxyethylene 



Proof — 12/04/2000 



Date submitted: December 4, 2000 
Reference Number = QS-763P010 Japanese Patent Application 2000-3691 13 
Page : 35/42 

glycol, bis-epoxycyclohexyl adipate, butadiene diepoxide, tetraphenylethylene epoxide, 
octyl epoxyphthalate, epoxidized polybutadiene, 3,4-dimethyl-l,2-epoxycyclohexane, 

3.5- dimethyl-l,2-epoxycyclohexane, 3-methyl-5-t-butyl-l,2-epoxycylohexane, 
octadecyl-2,2-dimethyl-3,4-epoxycyclohexyl carboxylate, N-butyl-2,2-dimethyl-3,4- 
epoxycyclohexyl carboxylate, cyclohexyl-2-methyl-3,4-epoxycyclohexyl carboxylate, 
N-butyl-2-isopropyl-3,4-epoxy-5-methylcyclohexyl carboxylate, octadecyl-3,4- 
epoxycyclohexyl carboxylate, 2-ethylhexyl-3',4'-epoxycyclohexyl carboxylate, 

4.6- dimethyl-2,3-epoxycyclohexyl-3\4'-epoxycyclohexyl carboxylate, 
4,5-epoxytetrahydrophthalic anhydride, 3-t-butyl-4,5-epoxytetrahydrophthalic anhydride, 
diethyl-4,5-epoxy-ds-l,2-cyclohexyl dicarboxylate, and di-n-butyl-3-t-butyl-4,5-epoxy- 
ds-l,2-cyclohexyl dicarboxylate. 

[0096] 

Of these, an alicyclic epoxy resin is preferred, and 3,4-epoxycyclohexylmethyl-3\4- 
epoxycyclohexane carboxylate or bis-(3,4-epoxycyclohexyl) adipate is particularly 
favorable. 

This alicyclic epoxy-based stabilizer is available as R-51 from Asahi Chemical 
Industries, or as Celoxide 202 IP or Celoxide 2080 from Daicel Chemical Industries. 
[0097] 

The amount in which the epoxy-based stabilizer is compounded in the flame retardant 
resin composition of the present invention should be 0.01 to 10 weight parts, and 
preferably 0.1 to 5 weight parts, per 100 weight parts of the polycarbonate-based resin 
(A-l) when the polycarbonate-based resin (A-l) is used by itself, or per combined 100 
weight parts of (A-l) and (A-2) when the polycarbonate-based resin (A-l) and the 
thermoplastic resin (A-2) are used together. No improvement in hydrolysis resistance 
will be achieved if the amount of epoxy-based stabilizer is less than 0.01 weight part. If 
10 weight parts is exceeded, though, there may be a drop in the mechanical strength of 
the molded article formed fromthe resin composition. 
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[0098] 

Other components 

The resin composition of the present invention may further contain a UV absorbent, a 
hindered phenol-based antioxidant, a parting agent, or the like. Examples of UV 
absorbents include benzotriazole-based UV absorbents, benzophenone-based UV 
absorbents, and salicylate-based UV absorbents. 
[0099] 

Known additives may also be added to the flame retardant resin composition 
pertaining to the present invention, to the extent that the properties thereof are not 
compromised, during the mixing or molding of the resin composition as dictated by the 
intended application. Examples include colorants (pigments and dyes such as carbon 
black and titanium oxide), fillers, reinforcing agents (glass fiber, carbon fiber, talc, clay, 
mica, glass flakes, milled glass, glass beads), lubricants, plasticizers, flame retardants, 
and fluidity improvers. 
[0100] 

There are no particular restrictions on the method for manufacturing the resin 
composition of the present invention, and any known method can be used. A melt 
mixing method is particularly favorable. A small amount of solvent may also be added in 
the manufacture of the resin composition. 

Examples of the mixing apparatus include an extruder, a Banbury mixer, a roller, and 
a kneader, which can be operated continuously or in batches. There are no particular 
restrictions on the order in which the components are mixed. 
[0101] 

The flame retardant resin composition pertaining to the present invention has 
outstanding flame retardancy and does not drip when it does burn. 

For example, the flame retardant resin composition pertaining to the present invention 
was used to produce a test piece with a thickness of 1/16 inch, this was tested according 
to the test method set forth in Bulletin 94 of the Underwriters' Laboratory Corporation, 
"Burn Test for Material Classification" (hereinafter referred to as UL-94), and the V 
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rating of UL-94 was given, whereupon the test piece passed the V-0 rating of UL-94. 
The various V rating criteria in UL-94 are summarized in Table 1 below. 
[0102] 

[Table 1] 



Table 1 





V-0 


V-l 


V-2 


Afterflame of each sample 


10 seconds or less 


30 seconds or 
less 


30 seconds or less 


Overall afterflame of 5 
samples 


50 seconds or less 


250 seconds or 
less 


250 seconds or 
less 


Ignition of cotton by 
dripping 


no 


no 


yes 



[0103] 



The flame retardant resin composition pertaining to the present invention can be 
molded into the desired shape using any molding method, such as injection molding, 
extrusion molding, or blow molding. 

The molded article obtained in this manner will have excellent impact resistance, as 
well as high heat resistance, and furthermore will have excellent flame retardancy. 
Accordingly, a molded article of the resin composition of the present invention is suitable 
for the outer panels of office automation equipment and consumer electrical and 
electronic goods, housing materials, and electronic and electrical device parts. 
[0104] 
[Effect of the Invention] 

Because it contains a specific silicone resin along with a specific phosphoric ester, the 
flame retardant resin composition of the present invention affords a high degree of flame 
retardancy without sacrificing impact resistance or moldability, and because it contains 
no flame retardant composed of chlorine, bromine, or the like, there is no danger that it 
will generate gas containing halogens originating in said flame retardant when burned, 
and therefore also provides excellent performance in terms of environmental protection. 
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Furthermore, if a specific epoxy-based stabilizer is added, it will enhance the hydrolysis 
resistance of the polycarbonate-based resin itself, making it possible to produce a molded 
article with superior coloring and impact resistance. 
[0105] 

Accordingly, this flame retardant resin composition is extremely useful in 
applications that demand high heat resistance, such as television sets, printers, copiers, 
facsimile machines, personal computers, and other such consumer electrical devices, 
housing materials and parts for office automation equipment, battery packs, liquid crystal 
reflectors, automotive interior materials, and so forth. 
[0106] 
[Examples] 

The present invention will now be described in further detail through examples, but 
the present invention is not limited in any way by these examples. 

Unless otherwise specified, all "parts" in the examples are weight parts, and all 
percentages are weight percent. 

[0107] 

The following compounds were used for the various components. 

(1) Polycarbonate-based resin (PC): 

Bisphenol A polycarbonate: Lexan (trademark of GE Plastics Japan); melt flow 
index measured at 300°C and a load of 1.2 kg: 12.3 g/10 minutes; intrinsic viscosity 
measured at 25°C in methylene chloride: 0.49 dL/g; viscosity average molecular weight 
(Mv): 21,760 (calculated value) 

(2) ABS resin: 

Santac AT-07 (trademark of A & L Japan); rubber content: 20%; MI: 2.5 g/10 
minutes 

(3) Silicone: 

Two silicones were used. 

(C-l): compositional formula Phu(CH3)o.6Si(OCH 3 )ojOo.8 (Mw = 900) 
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(C-2): compositional formula (CH 3 )i.oSi(OCH 3 )o.70i.2 (Mw = 1200) 
(Ph is a phenyl group.) 

(4) Phosphoric ester compound: 

Bisphenol A-tetraphenyl phosphate (BPADP), CR741S (trademark of Daihachi 
Chemical) 

(5) Polytetrafluoroethylene (PTFE): 

Polyflon D-2C (trademark of Daikin Chemical Industries). PTFE emulsified and 
dispersed in water, with a PTFE content of 60%. Polyflon D-2C was added in an amount 
of 0.5% with respect to the polycarbonate-based resin, and the actual PTFE added was 
0.3%. The water was volatilized during the resin composition preparation. 

(6) Epoxy-based stabilizer: 
3,4-epoxycyclohexylmethyl-3\4'-epoxycyclohexanecarboxylate (Celoxide 2021P, 

trademark of Daicel Chemical Industries) 
[0108] 
[Example 1] 

90 weight parts polycarbonate 90, 10 weight parts ABS resin, 1 weight part 
phosphoric ester, 1 weight part alkoxy group-containing organosiloxane (C-l), and 0.5 
weight part PTFE were mixed and put in a twin-screw extruder made by The Japan Steel 
Works, Ltd. The mixture was extruded at a screw speed of 300 rpm and a barrel 
temperature of 240 to 250°C, and was cut off at a specific length to manufacture pellets. 
These pellets were used in the injection molding of a test piece of a specific size from a 
100-ton injection molding machine at a barrel temperature of 260°C and a mold 
temperature of 50°C. The molded article thus obtained (1.6 mm in thickness) was 
subjected to the flame retardancy test set forth in UL-94. The burn time is the combined 
burn time for five samples. 
[0109] 

Impact resistance was evaluated by measuring the 1/8-inch notched Izod impact 
strength according to ASTM D256. The deflection temperature under load (HDT) was 



Proof — 12/04/2000 



Date submitted: December 4, 2000 
Reference Number = QS-763P010 Japanese Patent Application 2000-3691 13 
■ Page : 40/42 

measured using a 127 x 12.7 x 6.4 mm test piece, at a load of 18.6 kg and a temperature 
elevation rate of 2°C/minute according to ASTM D648. 
These results are given in Table 2. 
[0110] 
[Examples 2 to 4] 

Other than using the compositions shown in Table 2, pellets were produced and 
characteristics evaluated in the same manner as in Example 1. 
These results are given in Table 2. 
[0111] 

[Comparative Examples 1 to 5] 
Other than using the compositions shown in Table 2, pellets were produced and 
characteristics evaluated in the same manner as in Example 1. 
These results are given in Table 2. 
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[0112] 



(3 m 



id 



8 



s 



8 



8 



8 



8 



8 



8 



8 



1 



I 



S 



8 



Pi 



s 



5? 



8 



[0113] 

As is clear from Table 2, the flame retardant resin compositions of Examples 1 to 4 
have high impact resistance and excellent heat resistance and flame retardancy. In 
contrast, there is almost no flame retardancy effect when a phosphoric ester is used 
together with a silicone that contains no phenyl groups, as in Comparative Example 1. 
Also, the resin compositions have inadequate flame retardancy when just silicone 
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containing phenyl groups is added (Comparative Example 2) and when just BPADP is 
added, as in Comparative Examples 3 to 5. 
[0114] 

Therefore, it can be seen that when a phosphoric ester is used together with a specific 
silicone, there is a synergistic effect on flame retardancy, and a resin composition with 
extremely high flame retardancy is obtained. 

All of the resin compositions, both in the examples and comparative examples, 
exhibited high hydrolysis resistance. 
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[Document Title] Abstract 
[Abstract] 

[Object] To provide a flame retardant resin composition having high flame 
retardant, excellent impact resistance, and a high degree of flame retardancy. 

[Means for Solution] A polycarbonate-based flame retardant resin composition, 
containing (A-l) a polycarbonate-based resin; (B) a phosphoric ester expressed by the 
following formula: 
[First Chemical Formula ] 

0 o 

if (I 

R'-O-P — CX-P -fc — O-R 4 

1 I 
OR 7 OR 3 

(where R 1 , R 2 , R 3 , and R 4 are each independently a Cj to C 30 hydrocarbon; X is a Ci 
to C30 divalent organic group that may contain an oxygen atom and/or a nitrogen atom; 
and m is an integer from 0 to 5); and (C) an alkoxy group-containing organosiloxane 
expressed by the average compositional formula R^Si(OR 2 ) b O (4 _ a _ b )/2 (where R 1 is a 
substituted or unsubstituted univalent hydrocarbon group containing an aryl group as an 
essential component; R 2 is a substituted or unsubstituted univalent hydrocarbon group; R 1 
and R 2 may be the same as or different from each other; 0.2 < a < 2.7; 0.2 < b < 2.4; and a 
+ b < 3), said phosphoric ester (B) being contained in an amount of 0.5 to 20 weight parts 
and said alkoxy group-containing organosiloxane (C) in an amount of 0.05 to 20 weight 
parts per 100 weight parts of the polycarbonate-based resin (A-l). 

[Selected Figure] none 
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H#f= QS-763P010 ^112000-369113 Hj 2/40 

[ft: 2] 

0 o 
II H 

R'-O-P-CX-P -fc — O-R 4 

1 I 
OR* OR 3 

(5£«K R\ R 2 , R 3 ^iI>*R' , {i, ^ft^h^S^l^slSJl^gC 1 ~ 3 0 <Z>^ffc 

l~3 0®2l©filTl)5, mfi0~5 (Dlf ) 

(C) TSE 5 P*&Ja^-C*^tL*T/V = ^*>S"&^/W^>' v-a^-y-^^ 

R'.SKOR^bOu-a-w/a • -® 
(5£*, RMid^Pu&^i: LTT y — /v2££^tffi**fctt:#«*tf> 1 WHhTk 

KI^-t'ifeoT'bS*oTI/^l/>t)J;i/\ 0. 2^a^2. 7 S 0. 2 

^b^2. 4, a + b < 3 O^fflfdfcSo ) 

*°y h^^g(A-i) ir^y h&mjfeMftnwmm&mm 

(A-2) <t<D^f+ 1 0 OMigBtCfcfLT, V>m^^^^(B) £0. 5-201 
l^WtT*, 7/^^-ySttt^/->n^ty (C) £0. 05-1011 

[ti*ii3] 

lulEy VS^^t"/^ 5 , t'^7x/-/UA-f h77x-;l/v?*77i- h (B 
PADP) ^fciit'^7i / — yU-Ax U^^*^7x- hffcSli^it 

b-rzffl&S. l 2 i^fE^^Tjf y A-^-h^IIMM^. 

[f»*^4] 

T/V-^^->S^^"^-/^V ->n^f-y-> (C) ©li¥WM3O0~6 0 

5 i~4 <zn vffta* i JK(c|2ic<D^ y tj— h ^H^^ia^o 

Proof - 2000/12/04 



aim 0 12^12^ 4B 

QS-763P010 #112000-369113 M- 3/40 

7;^Jr->ittt;^; (c) fc^Mtfjids? ; — s^m (s io 

h) a,-cv ^i^t t -r 5» i - 5 <7)v ^-rtifr i iitdfesc^* 0 y 

T/V=i*^m^^jr^tfy v-adrif > (C) ©R')i\ ^^/l^S. xf/ul^ 
fcli7i^vSffc9, ^o7xr:/H^W2 0%J^±T*feSS**^l ~6 

&>Z>zt ^Wmtir^m^^ 1 — 7 cQ^-fna* l JJCtdffii^tf y — 

(a) «t (b) ~>T V-fb f-^^fif«5>^r*fi^f*cD 

(a) Z'=-;um.mfcj&ft. (b) >-ft: t'x^MM^ «fc XI (c) =/ A® 

7ji y 7xxuyx-r/L' ; 

[ft^i o] 

SKlnrffittWllBCA^)^, ABSffi, AESM/1§. ACSii, AASW 
« t -T5 If* 1 ! 9 HEf(7) # y # - h illttiillfilcfto 

Proof - 2000/12/04 



titfiB 1 2¥12^ 4 B 
^3g#-E§- = QS-763P010 #112000-369113 W- 4/40 

[ff^rll 1] 

£fbl^ (D) Ky VZfVSitm*. #V X— (A-l) 10 OS 

^^(i^y^-^-h^^g(A-l)<b^prM'l4^(A-2)i(Z)^f+l 0 0 

s*^'*tL-c N o. o i~i ofi*$B<7)*T^tfw bzftmt-rzm^mi- 
i o <m v-ma* i rs^fett^^ 0 y F^i^WaiMtio 

[ft*JS 1 2 ] 

SuteKy s/^BSlh^JiS^y r- h 7^,1^ a (PTFE) -Q$bZ>~t$: 

m%t-tz>m$:m 1 1 izmm<v# y h^iitttiiMtio 

[»3ft3® 1 3 ] 

# y H3MSfjig (A-i) i o oiimicJtLt, ^fcfi^y^-^'^ 

0. 0 1 ~3S*£Rtf>*-eatf^ i:Sr^»^i-S»*3Sl ~ l 2 <zn^*L7^ l 

[ft*ri 1 4 ] 

(F) ^^r^^^M^, 

*°y # — h^ttfflB (a-i) looitWLt, */cfi*°y^— 

- H3M#Jig(A-l) irftt^rSltt^t(A-2) £<7>£f+l 0 Oitgl^tLT, 

0. 0 l~5M*«flJW*-e^tP-i:S: < WH»i:i"S»*3Sl~l 3<DV^-ftL^i 

m\zmm<Dtf y niittiin«» 0 

[ 1*3^35 1 5 ] 

BufS^^^r^^c^J (F) 3 ( 4-^*°^rv'>-^ni^3fv//V^^-/b-3',4'- 
3ijJfdf-">->^ □ ^drlfV^/l'tf^v' l^' — K ^/ctt f'^-(3, 4-3C2K^p-->v'^ 
5r i/fV) T — h-C-fcS^i&tf it6!IMl 4 iCffiit^^y ^7 — 

1 6 ] 

tmm i~i5 wv>Tn^i^i5moit^^/iiM^75^^$nT^s 

Proof - 2000/12/04 



ttttIB 2^-1 2 M 4 0 
ggff= QS-763P010 #112000-369113 gj 5/40 

i~i5 ^-ma* 1 m^tm^mm^mmMm^h^^^m&o 

[0 0 0 1 ] 

L<^, fur, yy^-, $l 77^->^, 

[0 0 0 2] 

OAtf>#HF-c*te, y^-/u=t^t°^.— 9H-$£U&<d3l o (UL 
9 4 V) ^«»)Wtasi!*$n5. 

[0 0 0 3] 

Aco#— jjm?— h^tsiftw^y =f^— fcsiMi^y -7— &\ *°y 

[0 0 0 4] 

✓>n^&^*&^jtilK8iJ£ L-Ctt, y >§£aL*x/^ <>y a — >»TJ!Bi s fti?j 
tbTV^ 0 1ZtZ.t£, 4#<£Bg6 2 - 2 5 7 0 6-^«^tt, tf?y# — 

Proof - 2000/12/04 



«ttJ B 12^12^ 40 
F^ = QS - 7 6 3 P 0 1 0 #jg2000-369113 gj 6/40 



[0 0 0 5] 

Dipte, Tifi, Q^4) (7)/>/^< £ k^-fti^fi#LT^5*°y — T* 
[0 0 0 6] 

MM DM Qifi 

R R R O 

III! 
R — Si — O- — O— Si-O— — O— Si-0— — 0— Si-0— 

I I I I 

R R O O 

I I 

[R 3 SiOo. 5 ] |R2SiO 10 ] [RSi0 15 ) [SiO 20 ] 

[0 0 0 7] 

It t Z-t&fr&VB 6 2- 6 0 4 2 1 ^ftfctt, 0li%l^±^tt 

o ^p^ip5_ 8 6 2 9 5^$gT-tt^y # — — h^^MI-, T$fi 
^3 0~9 9^%, Difi^r0~8 O^e/1^%, M^^l~7 0^/V%, Qjp. 

o~5o ^/v%-e^ti-> y =»— vttMg&s&ra L/cMtt^a^^^^ $ 

[0 0 0 8] 

Proof - 2000/12/04 



SitB B ¥^12^12^ 40 
ggf^-= QS-763P010 3#fl2000-369113 H : 7/40 

[0 0 0 9] 

ffiH^nt^S, 7ci:^tt\ ^BS5 6- 1 0 0 8 5 3f*lt 

^— bft^fi^ftcf-. DW4/&^«fi5c^nS'>y =« — 4-20© 

4 8 9 4 MffitQ$fi[i:a»f)»l«$il5'>!J = — ftfc 

[0010] 

&<Dftm*mwfi&&t£ k<Dmwv£&*^i&T lt l^o/^ , ->y =^->^ 

flit*, -e^S^lilt'fcSfcft, hm^gl-Ba^Lfc«b^{c x 
[001 1 ] 

£tb(c£fc, »1 0- 1 3 9 9 6 4^it(l ^T-S (ll¥^^t 
) j&5 10000 — 27000 0<£>8SHlcfc9. TIS^'C^^tLSD^tfirirT^ffi 

[0012] 

Proof - 2000/12/04 



^3g#jr= QS-763P010 



mtUB ^pJSfe 1 2^1 2 M 40 
#112000-369113 Kj 8/40 



[it 4] 



FT 

I 

R' Sr 

I 

R* 



R R R' 

R O R' 



R' 



[0013] 

f-fc, «fW5pil-140294^«»c:tt, T^4?r 5 0~9 0^%ttU Dip. 
L/^L&T)^ ^P^l 0- 1 3 9 9 6 4-§-^$R, ^^11-140294-^^ 
[0014] 

$^(C^fc. #fl¥ll- 2 1 7 4 9 4t*(l T5t-C-^^tL?)tt^. -T 

ft ^ D ip-te & D ip{£ i: i: ttcT l^fifcfc «t t>V £ fc fi Q mii 
[0015] 

lib 5] 



r r ~\ 



x Si— o- 

I 

X 



Si-O 

I 

R 



r R n 

i 

Si-O 

I 

o 

t 



ro 



Si — o 

1 

o 

I 



X 

I 

-Si- 
I 

X 



[0016] 

l <b . r (D&mw-i i-2i7494^-(dis«c £ tix v ^mm^.mmm.^'mx 

Proof - 2000/12/04 



ggg#-%- = QS-763P010 35M2000-369113 W- 9/40 

tf^l 1 -2 2 2 5 5 9^$g^(i, ^fi^y*-^-hMI© 
«fc ^^^fi-^^^tP^Wfll : lOOfM^ lfi^R' m R z n Si(0 
R 3 )p(OH) q O(4- m) / 2 (jS-K R'ij:7inyH, R 2 {i^5ffifc 1 ~ 6 cd 

% 0. 5^m^2. 0, O^n^O. 9, 0. 42^p^2. 5, 0^ q ^0. 35, 0. 92^m+n+p+q^2 

: 0. 1-1 OMSP*^LT/£Slt«tt«Jli*aj**iSB!^$*LTV>S 

[0017] 

£ "bldifcfc:, ^¥8- 2 2 5 7 3 7^^(1 (A) lift isTMtt^Sstf U 
tf^— (B) (B-l)^^U> s a — ^ =r/V^=f- at^ST/U^/Uit 

C»-T^^^t.tM^:fhh(DU^mt, (B-2)T? V n = h y /K p< * T ^ U n 

^hy/K 7^y^ic -Ch-7;^k ^?t? y/^c,-c 8 -7/^ 

<tcO^^TM'l4^Ah°y -v— *5 £Xf/l£tite (B-3) i "Iltt^ y7/l/^rUyfU7^ 
h£^J&<5^y ^-tfclilft^*, (C) a-^^^f- 
iS^T/U^r/uetft^ttTV^^^l^^, y ^tC 1 -C 8 -7/l/^K 

^ ^T^ y /»'iftCi-Ce-T/^=^yu*^:fi-ttLP>02B'g'4fe^ % (C) T^yo — 
hJJ/K ^^77!Jn-h!j/K 7^ !J ^C.-Cs-T/^/K *9T9Vt\o 

b^y^— (D) R x Si(OR') y O<„-x- y >/ y [5£«K Rfl ffi&K: m g 

#7j5«^$nr^T t j; ^-{ffi^^TKms^^i-T)^ #(c^ ^/u* 

Proof - 2000/12/04 



mm 0 Wc 12^12^ 40 

3ga#-§- = QS-763P010 3${gg2000-369113 M- 10/ 40 

/bg^U R ' T/^^r^S^fc^TR^^-efo ^ . xtt, 0. 75^t,l. 

7 ^Ltyll 0. OOOl^bO. 5 ©fl££r*Pt-5] T'^^tb 

, RSi0 3 / 2 , R 2 Si0 2 x2*3«fcU ! /'*fe{4R3SiO,/ 2 -e^$tLS^tt"efllfife$ 

nt^5->y =*— (e) tie^-c**,**^ y t z^tsm^ 

10 0 18] 




[0019] 

cDit^^i- 0 R 3 f±, ^^/uS^r^L. mli0^f3 5(7)lilr^t o ) 

L^L/i^ib, :©i9^i¥8- 2 2 5 7 3 7 dsEic£ ftfcWJItiffi 

[0 0 2 0] 

Proof - 2000/12/04 



mm 0 12^12^ 4B 

^g#-§-= QS-763P010 #^2000-369113 gj 11/ 40 

[0 0 2 1 ] 

[^<£>g#j] 

[0 0 2 2] 

(A-l)* 0 y — h^^ii:, 

(b) Tte^-e^^ns y v^^^^i:, 

[0 0 2 3] 

[lb 7] 

0 o 

II II 

R'-O-P-CX-P — O-R 4 

1 I 
OR 2 OR 3 

[0 0 2 4] 

l~3 0©2i©Wt'fc5o mliO~5©IM/7to ) 

(C) TI5Wmi55c5t-e^$n5r/i-^^>'S'a^'^-^^V ^u*-y-^b& 

R l a Si(OR 2 )bO«,- a -b)/2 • •® 

5i§g£*U R 2 «g^^fc«^gm^ l«Ht;7KfftS£:^U R'^R^fiS 
^{CIWI — tfcot^ot^t^t «fct\ 0. 2^a^2. 7, 0. 2 

^b^2. 4, a + b < 3 <7)|5HtCfo^ 0 ) 

Proof - 2000/12/04 



3#fl200Q-369113 gj 12/ 40 



F«(A-l) l 0 Oli^l:*fLT, V ^Wt^xTfr (B) 
£0. 5-2 Ofi*fPO*-e, T^^^^S-a^^^V ->o^> (C) ?r0 
. 0 5-1 OliSiSrot^tfw t^tt 
[0 0 2 5] 

(A-i)#y h^^Ei, 

(b) Ttttx-mztiZV >m^x^^b, 

[0 0 2 6] 

Kb 8] 

0 o 

II II 

R'-0-P-(X-P -fc — O-R 4 

1 I 
OR 2 OR 3 

[0 0 2 7] 

1 ~ 3 0 <D 2fffi(D^^£-efo6o mtt0~5©ll!^to ) 

R'aSifOR'JbO^-b)^ ---CD 

WC|*] — -efco-Ctl^ot^t^t) «tV\ *fc N 0. 2^a^2. 7. 0. 2 
^b^2. 4, a +b < 3<7)fSfflK:fc& 0 ) 

*°y h^MIi(A-i) b#V hIHfll«^©iWlW 

(A-2) i:(7)^ffl 0 0fi*^^^b-C, y^^^^/l/ (B) £0. 5-2 0£ 
T/V=i^r^S^^^-/l-^V ->a^if> (C) £ 0 . 05~10li 

[0 0 2 8] 

Proof - 2000/12/04 



SES#-f- = QS-763P010 35112000-369113 Hj 13/ 40 

7^3^->Ittt;^;->n^ty (C) fit, fl¥WI^3 0 0~6 

(SiOH) ^r-aA^-ev^^^^ t 
[0 0 2 9] 

(a) 75= « t'n;V^iM^ «t t>* (b) i/T Vffc t'^/^iM^^*l^^ 

(a)^Mt'=-^<¥-MLfcj&ft. (b) -yrWkt^/^IM^i^W 

[0 0 3 0] 

-<Z)Jfft-5raH4»J!g(A-2)f±, ABSfE AESfL ACSfffi, AASi 

o 

«P^C#5MfMMftiai, (D) y7V5±m*. #V 

bZkffim (A-l) 10 0m*§|5, £fcf*#!J#— h^*Mg(A-l) 
i:i^IIttWi(A-2) iO^tfl 0 Oil^iC^tt, 0. 0 1~10fiB:^cD 

^/l^nux^u^ (PTFE) tmMX'thi> 0 
[0 0 3 1 ] 

*mw^&zmB&mmmwx°i-£. tsb^ti (e) /<-7/vto7/^> 
^/^i/mrs^u v (±m&mi&&. zjfy*-*'^-h^fJii (a-d iooi 

Proof - 2000/12/04 



ga#-%- = QS-763P010 #gg2000-369113 M- 14/ 40 

*£b k *t l -c , * *° y # - - h ^wjig (a- i) t m^m^mm (a-2) t <d & 

0 . 01-3 lig|5^it't Ay-C'V ^TUl\ 
[0 0 3 2] 

ZbiZ (F) ^^v^^SUSr. 

^y^7— tf;^— h^WJIS (A-i) l 0 OMIHS^LT, £fcte#y # — 
0. 0 1 ~ 5 MAM<OMX"$ A^T'V^Tt) =tv\ 

BfjfE^ jj? df n$£j£M fit , 3, 4-^ *° dr ~> ^ o ^ , 4' # =3f 

[0 0 3 3] 

[0 0 3 4] 

[3PJ!(Djyfcfftf&^] 

A-l)#J> h^^st (A-2)fSft-5TlH4»l!B^. (B) y >g^n*7vu£: 

[0 0 3 5] 

[tK y h^ffiJIi (a-i)] 

hmi^i^s^$-fr-c#^n^^#^*^^y # 

[0 0 3 6] 

Proof - 2000/12/04 



^=QS -763P010 



4#ff2000-369113 W- 15/ 40 



[it 9] 



-f-O- A-O- C — h 



(1) 



[0 0 3 7] 



) 



[0 0 3 8] 

*gmmi/t Yu*cisi\&Vib LTI^lCii, TfE5£ (2) f«^5bf^7 
[0 0 3 9] 

[fbi o] 




OH 



(2) 



R° R° 
I I 

xii, -c-c— , -c-, — c— s -o-. -co-, -s-, -so-. -so 2 -^fcii 

I I II 

R 1 R"* R° 



CH 3 
CH 3 




CH 3 

C 



CH, 



[0 0 4 0] 

Proof - 2000/12/04 



l#t=QS - 7 6 3 P 0 10 



mm 0 ¥^ n^n^ 40 

^112000-369113 gj 16/ 40 



, t^(4-t KnJf->7z-/l') y<^>, l,l-t*7(4-t Kd^->7x^;u) rc^ 
>\ 2,2-t"7(4-tFP^ry7i^) /p^V (l^5^7i;-/l^A) 
, 2, 2- tf ^ (4- t K a df- 7 i zz/L.) ^ ^ > s 2, 2- f ^ (4- k Knaf->7 x. —JV) 
^rtfls^ fcT^(4-t 7^^yi/^^> s 2, 2-t*^(4-t Kndf- 

'>-l-^f/V7i-/P) 7o^°y, 1, 1- (4- 1 K o ^ t -^f ;i/7 x 
-fu;<^^ 2,2-f^(4-t Kn+->-3-7*B*7x=;l') 7o^y % 2,2-(4-t K 

/^7|;l,l-t"7(4-tFD^77i^) v^n^:/^^ l,l-(4-tKB# 
S^!7:r=./U) ->7n^t>^^(Z)t^ (t Ko^r-77y-^) n TVl^ 

^ ; 4, 4'-v ; t Kndf-7-77x^x-r^ > 4, 4'-v J t K n ->-3, 3* - ^ =f-JV 
7x- /L-oc — TfrttifiDZt t KP J r77!J-;l'X-f;l'g;4,4 , -v ; t Kp^V 
i?7i-/l/7;U7-f h\ 4,4'-v ; t K n ~>-3, 3' - n /P7 K 

^i'0'7k Kodf">v f T U — ^X/i/7^ KSS ; 4,4'-i?fc Kp^->^7x-/M 
/Vzfc=¥-*> h\ 4,4'-v f k Kb =^*>-3, 3' -i? * f/L-/7i^ /U^/U^^-> K&^<73 
K n -7 v 7 D -/W ;^ ■> Ki ; 4, 4' -7 1 h*n =*f ->v^7 = — /U^yu* 
>\ 4,4'-v ; fc K o 7-3, 3' - 7^ f -77 x - /i/^/i/* y /i i:"© -7 k Kp^y 

[0 0 4 1 ] 

:^?)ffiv/t Kn^i/ft^ti© 9 #^2, (4-fc Kn^^7x^ 

/U) 7ba°7 (t^7x/-^A) LOH^tlSo 

£/c, ±f£xt (2) £W<D%mmi?t KndryjL^^LT, TfEzS (3) T* 

[0 0 4 2] 

Htii] 




• (3) 



[0 0 4 3] 



Proof - 2000/12/04 



mmm^r= QS-763P010 



mm B 12^12^ 4 0 
#gl2000-369113 W- 17/ 40 



, 3-xf-/i/U//Ui/y t 3-7° a tVH/y>->y s 3-^f-;l'U'//W^>', 3- t -7* 
f/UU/yl/S/i/, 3-7 ^^-/H^y'Vbi/V, 3-y ? /H^yVuiy>\ 2,3,4,6-f h7 
uy>yy % 2,3,4,6-7" hy^n^ uy'/i/yy^i'^f^uy'/i/yy ; 

3-/nt>t Kn^/y, Kn^r/y, 3-t-7'f^t Kn^/ 

>\ 3-7xx;bt Kc^/y, 3-y ^/wt Kn^yy, 2, 3, 5, 6-7- h 7 t< ^vvt 

h'o^/y 2, 3, 5, 6-r- h7-t- 7"^/u fc Ko^/y, 2, 3, 5, 6-7- h 7 

o t Ko^/y, 2, 3, 5, 6-7" h77'n^t Ko^/y/j: <Wg}& t Kn^yy/j: 

[0 0 4 4] 

[0 0 4 5] 



[0 0 4 6] 

T*^£*l52,2, 2' ,2' -7" h7t Kn-3,3, 3',3'-f h7^f/H, l'-yt°u f- 
[ 1 H--T V^V] -7,7'-v^— /H:fflV^r <h t>-C#5a 
Ztib<D%&mi?Z h'o^v/^li, $»t'fflv^t«t<, 2«J^_h 



[fkl2] 




Proof - 2000/12/04 



gH#-%- = QS-763P010 #Hjg2000-3691 13 Mj 18/ 40 

Tt>ctV\ *y-c^#t*°y h ir^^^U 77-*'^- F©^^ K^fc 

[0 0 4 7] 

^^^ftg'tt^^b^W^*^^, *[l#f^«M3, 028, 385-^ fg3, 334 
, 154-5§\ ^4,001, 124^*5^15^4, 131, 576^-^te«c^^Tio D . M^idtt, 1, 
l,l-h^(4-tKnJr^7i^) ^ 2,2' ,2'- Ka^^7i 
— /U) tVwOi? V s a-^< ^-/l^-a, a' , a'-h^^ (4-t Kd^-^7 

^^/^-l^-v^^vW^-tf:/, a, a' , a"-hy7(4-t H'n :3 f-v'7x^;V)-l, 
3, 5- h U ^ y/n t°/l^<>-fcf ^ 7na^U 4, ^^-2, 4, 6- h V (4- 

t KDdr->7x-^)-^^y-2, 1, 3, 5- h y (4-t Kndr'>7x- /U) 'Oizf 
2, 2-t'^-[4, 4-(4, 4' -v 5 t Kn :J f->7x-yl/)->^D^ :) fv'/U]-7 , n/^, 
hyyij.ybi, 1,3, S-'O'-tf > h U ^7/^aK>^, V -y b&teb'frmifb 

tl% 0 dft^?*?, 1, l,l~hM(4-t Ko*'>7x=/U)x^y, a, a', a" 
- h y X (4-t Kn ^r^77in^./U)-l, 3, 5- h V 4 V7*v t/l^O"tf >f£ t'tfUt * L 

[0 0 4 8] 

$tL5^\ iI3t> 0. 2 6dl/gJ^_t, L< liO. 30dl/g~0. 98dl/g, 

£ib(c£?^L<«: 0. 34dl/g~0. 6 4dl/g(7)tQ!a^fe 1 9 . 'fe&W-W^^M. 

Lfci#-£\ ilS, 1 0 0 0 0 L < «: 1 2000-50000, 

£ btC^^ L< (114000 — 30000 (DfoiaiCfe^r 1 7^M^ UV\ 

(Mv) i^k^l^l 3 , 2 0°C-C@^3te^ (M*£^U]) £ 
ffl^L, "7— t 7 "J 4 2 (Mark-Houwink) <7>;teJt5£ : 
[,,] = K X (M v ) a (K = l. 23X10~\ a=0.83) 

Proof - 2000/12/04 



g3l#-§- = QS-763P010 ^12000-369113 Jjj 19/ 40 

[0 0 4 9J 

) i^^Bi^-c-^^x^^SJ^^-tir-r, *°y h^#^-rs^fe ( 

[0 0 5 0] 

^n^Mita^o^-m, fccb ^Ltt'#^ I P2-175723^$R, #Bfl¥2-12493 

4#^«, xmrn^mt, ooi, M^mmm, mm*, 238, 569-5§-^&b#. 1^^4,238,5 

97-§-P^lffl#, P1^4, 474, 999-§-0^^a#^<b'(-IE<fe^tt'rv^ o 

*i8W-ei±, ^<^=t 9 y h*»Jig(A-i) 1 1 y 

- hJ^0>fR^fflte«JIg(A-2)&i£ffl Ltti^o 
[0 0 5 1 ] 

[/#y t>— b mm^B&s^<Dm^M'i±mm (a-2)] 

(A-2) £ Ltil, ^y # — h^<D^Mtt«*fliS:«RF^^JPfi^<^ffl-rs 

©(a) t'-^m*^5>*5 £ Xf (b) Wfc; fcT=/H^*ft:jEiSc^S:*S^<^ 
<D(a)^#8itr~ /^1Mt>, (b) v/7 V -(L t'^/l'¥iM^i3 <t 0 (c) =^SC 

©^#i^*°y^^^^ ; 
(DtK y 7x=uyx- x/u ; 

®xK y ^— tvw 5: k ; &xxf 

Proof - 2000/12/04 



tittiB 2^12^ 4 0 
#112000-369113 g : 20/ 40 



[0 0 5 2] 

±ib k ^ t «jm f± v^-r n t> mis ^ l -cat -c *> t> # ^s^tp pi $ 

( A) s^Mp 

>\ o-m- U<lip-^^^^« t^/^VUy, ^/^na^^-UV. 
v^nn^^l/y, ^/ya^fuy, itzfa^Xfls^. 7 tV^rxi U> 

£ *. (i * ^ u- yttfi^^if <b n 5 0 

[0 0 5 3] 
[0 0 5 4] 

o 

fc it 2 mu±^^ tix v ^x <b x v \ 

[0 0 5 5] 

mf&i£(a)/(b)iz¥F^mm£ft-r, mm^cxm^ti^>o (a)/(bm. 

Proof - 2000/12/04 



time spjsRi 2^12^ 4 0 

m.W&%= QS-763P010 #gg2000-369113 gj 21/ 40 

L< fi (a) a* 9 5-5 0S*%tC*tU-C(b)^5~5 Oli%tifet), £<bi^£P£ 
L< (Ka)^9 2-6 5li%lCJtLT(b)^8~3 5li%t-fc5, 

10 0 5 6 ] 

^I:(a)»t"^/H1M^, (b) ->r^bt^^*^5>*5cfcl>'(c) =r 
t>* (b) V T >- -f k f — ^ M-MfctfLft tn o v N Tfi> mils L 7c Plfig co^ij a* ^ if b ft S 0 

U y.^y7>yitfA^ U ^ ^ri^tf bft, dfte>&l«* 

[0 0 5 7] 

Proof - 2000/12/04 



H#f= QS-763P010 #^2000-369113 22/ 40 

^ b V /V - 7^ v^^-^^^fi-^f*) % AESfi (T ^ y h y /lx-rc 

[0 0 5 8] 

_bte(*)s#f*®. ^©(Dmm^&ittTm (mw) i«l< 

[230, 000-200, 000 s £ <0 L < «30, 000-150, 000, L < fi30, 000— 

110, 000T?fc§C ^T^ilJ; LV\ 

f-/K^^)7^U L K 7°cz tVb(p< ^)T^ y K 7"f/K^^)7^Ul/ 

— K 2-^^vM^ ^ y l/— K 2-^^vW^'>/l^ ^ ^ y b^f(Da, 

5; h\ N-7x-;i/-7 ix^r 5 K\ a □ 7x-;u-7 U-Y ^ Kt?<7>a, j3 

m-g. tz. fi 2 taitfffl £ *i s o 

[0 0 5 9] 
[0 0 6 0] 

Proof - 2000/12/04 



UttiP W-J&l 2^1 2 8 4 0 
gHl#-§- = QS-763P010 #1112000-369113 W: 23/ 40 

35^Mi/2)^y£l/mb LT(±, ^U;7^/Ug£, ^y7^;vi, t/bF7^y^ 
6-¥#/l'tf>&t, ¥7zl~jV-2, 2' -i/jJ/lstf^m. t"7x- /V-3, 3' A-tKV 

v?7x=;V> ^ >-4, 4' -v^/l'JjfVS^ 77i^7/l-7t7-4, 4' -i/TJA'tftV 

i^7x^ fc°y f7-4, 4'-v ? 7J/V*'^gL 1,2-E\* (7x7^-» 

ai^^-4, 4'-v ; 7JyUAK^^, 7Vh7ty-2,5-^*/^yS, T > h ^ ir V-2, 
6— p-^ — 7^^U>-4, 4'-v ? 7J/l'tf:Vg£. t° y 5- v^/i, 

^>-m^^*ff 5atL, rl/7^yl/K^*L^o 
[0 0 6 1 ] 

^fth<D^Mit*^y$>mi2m^±&wk^Lx{&m^xi>£.\,\ '> 

it"feiitf:^b^fi'7*/V/f7iiHi:T^t'7i, Tif^-f^^L K 
7='^ yy^-71, -irx^->^|g/ e c < f (D^ASI^^/UtH^®?, n^^-y-^v^/L- 
# v^Tte ^WJiigtxt v^TJ >gfe £ 1 flW_hS^ L T{£ ffl -T 5 d t *s T* # 5 „ 
*7ci, 7t-/^i LX(1 xfi/y^ya- /k 7DtVy^l)3- yu, 

/U7o/°7-l,3- C7^— A- s yxfUy^'Da-/^ h!)if 
^CifOJiSlteSev^^— n-^-fr>-l, 4- * 7 — ir'Ofltltxtv^— 

0 ~6,000<Dft^v J ^-— /U, *°!)xfU7^!J3-;K j# y - 1,3-7° 

[0 0 6 2] 

Mft^ffi*°!/x7T«t Lttt, zK y^i^^i^* h (P 
ET) % ^U7 a nt 0 U7rU'7^l/-h > tf]) 7*fl/7fI/7^ h (PBT 
) s ^Uifuyf7^^F, #y 7f77t7^ K 
-t'^ (7x/^-7) ^>--4, 4'-^7JA-*'^rv'U— K ^ y n/^-y-^ v> 
^7/-^fU77^-hi?ri(f5ri^T'#5 0 PBTi8j:U<P 

Proof - 2000/12/04 



Mm^= QS-763P010 ^2000-369113 M- 24/ 40 

[0 0 6 3] 

^y7x-uyx-f^ (PPE) fi % fit L< 

/U-l, 4-7^— U» 3d— xffy (2,6-^xf/H,4-7i- U»jc— tvU % 

(2-^ f^6-xf-/Wl, 4-7 1 = 1/ y) x—f;i/ % (2-7 1 ^/W6-7°n fcT/U 

-l,4-7xnlxy)x-f/K jK y (2, tVU-l, 4-7 — 1^ » x: — ^/U, 

jtfy (2-x.^-/W-6-7 P D tVWl, 4-7aL~u>) jc— t^/K ^°y(2,6-v?^ 
, 4-7i^U7)x-f/K *° y (2, on^ ^/l^-l, 4-7^.=. U» m — 

, ^y (2,6-^yn^e^^/U-l, 4-7i - U^)^— fvK jjfy (2, 6-^7i- /l^-l 
, 4-7^^ Ul/)^— fvK jK^ (2,6-y h!J^-l,4-7x^uy)x-f;K *° y ( 
2, G-i?? c p-l, 4-7 x: — U>-)x: — yvi^ xjf y (2, 6-^-0^/1^-1, 4-7x^UV 
)x— T^y (2, 5-v^^/W-l,4-7 =c=-U^)^—y'/Vtj:^^mfhtl^> a 
[0 0 6 4] 

SfcPPE*!^.!: Lt, 7^xv u^a^— ^f/v^'O MLMiiL^^T /u^^^. 
W.Wk-7 ^y— /K fc<txtt*2, 3, 6- h y ^ f/b7 x / -^^-^f 1 5*i^f* 

L/c*MMottit\ ^^-u>^-fk^^77 Mt^y 7x.~U>^ — 
T/^Ltlt ±15 P P EiC^f uy^Mi LT, fz.t^.i-£^^-l->, a- 

^5*I^#-Cfc5„ PPEil, fc^(fB*-7W-77^f7^^ii, 
d°d^NORYL t LTrfTK^ix-CV^So 
[0 0 6 5] 
ztfjjx-f/W g K(6) 

:K!J7x^l/yt/l/77^ K(7) 

*'!J7x^U7t;l'77^ K (PPS) tt % tifcL<li^»7xx|/7 

Proof - 2000/12/04 



tlfcHB Wcl 2^12^ 40 
§l#^-= QS-763P010 #112000-369113 M- 25/ 40 

[0 0 6 6] 

hips (Mi^t£*°y ^^t/» , ABsii (r^ y h Vjv- 
>-^^-u>it^m , AESii (7^ y h y ^-xf uy-y D tvy- 

^^-uisitmsm . Acsti (r^ nx ni/wsiwyxf i/y-^f 

^>*fi-^*0 . AAsti (r^ y h i) /u-r^ y /l^#ttf£-^ 

[0 0 6 7] 

^^ct 9^^TM'I4TO (A-2)}±, AKy^-^^-h^^ (A-l)^(Dfi*Jt 
(A-l : A-2) ^9 9 : 1 — 1 : 99, £f £ L < 3 0 : 7 0 ~ 7 0 : 30 <73$qIS 

[ y ^^^^yu (b) ] 

[0 0 6 8] 
[ftl3] 

0 o 

II II 

R 1 -0-P-(X-P — O-R 4 

1 I 

OR 2 OR 3 
[0 0 6 9] 

xtcp, R l , R 2 > R^it/R^i, ^^X^^llf JIffl& 1 ~ 3 0 , 
L<(il-5 (DmkTkm&Z^ U L < (ie^*7t(i^«^<D^#^^b7K 

TVl^/^^S. ^n^>, 7y-^l, T y — /Wtf-* <bn-5 0 

Proof - 2000/12/04 



QS-763P010 %M%2000-369113 jfj 26/ 40 

[0 0 7 0] 

r.-c\ Y i tem&&tcmmm<D^mmkfcm3;x~h<o, £t^L<m,4-7^ 

1, 3-7xl~ l/yl^^'fc^) . ^fctt-0-Y 2 -R 5 -Y 3 -0- ( 

<7)2flfi03^k7K*S*fcJ4^b7K3(f^-^>'S (-R 6 -0- ; R 6 ^*^ 1 ~ 8 
(D 2 «<Z)#tfc7k^g) T-fcO, ^^(C(i^^^l~9CD2Mj»^^b7K*S 

^■^n (Tffixt) ^^^#tfe>tu5o 

[0 0 7 1 ] 
lit 14] 

/ \ 
N N 

[0 0 7 2] 

mfiO— 5 (Dm%LX-h5 0 

3i ' — h (BPADP) „ hU7x^*77x-h, h !i ^ I/^/U*77x- h, 7U 
-7;l'V/7x^/l/*^7x- h % f^7x / —Zl^AT- h77 l/-7>y ; *7 7x- h 
% U-y'^->/-^r h7 :3 r^(2,6-> ? ^f-/U7x-/l/) *77x~F, 7" h 7 =*r 

->!j/utV7i;>^7 7t^7^ Kft-fc5 0 :me><£>5 y >WL^xT/i' 

t Ltli, 7x7 At h 7 7x^;bi/*7. 7 x- h (BPADP) , tf7 7 x: 

7-^Af h77 UvvUv^T^rc — hiSJfjg"Cfc5o 
[0 0 7 3] 

Proof - 2000/12/04 



*tH0 Wl 2^12^ 40 
= QS-763P010 4302000-369113 gj 27/ 40 

A-l) lOOlllSCjtU h^WJIg (A-l) i:WApiM4« (A-2 

) ir^fM^tiTV^S^tdtt (A-l)£ (A-2)^©^f|-10 0iiWLt, 
0. 5~20li^ ^KliO. 5~1 5tii, £ bfclflP* L< ttO. 5 
~ l 0S*SfP©J:-C*^*ix-CV^6r. irzJSM* Lv\, y vg^^/i^ft^ o. 

[0 0 7 4] 

#38Wtc:iott5 (C) f&ft<D~yV z2 — i/± Ltfi, TIE¥*&M^®T'*$n 

R^Si^R 2 )^^)^ — (D 
itf, R'fi^^i: LT7 U -^S^^^t^$fcl±#f^© 1 ffi^fkzK 

t'fcottl^ot^t^t ^Tc, 0. 2^a^2. 7, 0. 2 

^b^2. 4, a + b < 3<^$5ffl{dfe5 0 
[0 0 7 5] 

cj ^ ^vugft if '<Dis? u 7^^/vSJ fete r n ?j coS^^i^^-(c|g^ L/ctK 

3,3,3- hy7/Utu7 9 ntVul, ->7/>f/H, y -T 5 / ~fu tVU 
N- (i3-T5/^^^) -y-T ^ y -fv t'^mtetltfM^ZtLZo £rf&t 

[0 0 7 6 ] 

Proof - 2000/12/04 



mm 0 ¥^ 12^12^ 4B 

^3l#-E§-= Q S-763P010 ^112000-369113 gj 28/ 40 

(C) Mt*fc5->!J3-y{^«, R'^ 3 ^£^U&^£ LTT y 
-/l^S (7x-/i^S) ^fLtt^o 7U-/HM$ (7x^/i,itf$) 

o 

[0 0 7 7] 
[0 0 7 8] 

l^/Kl^tST/^dr-yiC^tjiO. 2 — 2. 4 (0. 2^c^2. 4) 
, ^KliO. 4 — 2. 2Wt5[a[cfc5^ LV\ bfit75>0. 2*rf-e 

^<fc«9, 2. 4^ix.5i:, ~>u*^>gfc<DMm®im&TL. MBit 

[0 0 7 9] 

R'^-aW^ i" it®^(D a ft(i, 0. 2 — 2. 7 (0. 2^a^2 
. 7) , »$L<ii0. 2-2. 4(Dt5H{-fe^) ({§. L> a + b<3) ~ i: #g 

Proof - 2000/12/04 



mm 0 i2¥n^ 4B 

jltf = QS-763P010 ^112000-369113 M- 29/ 40 

[0 0 8 0] 

(C) j&^fo^T/^^v-X^^/l^V ^^^fiSTO^*^ 
300 — 6000, L<ii3 0 0~4 0 0 0 <D$5H{3fc S w <t 

[0 0 8 1 ] 

s 3&*o|Hf6<j^>'7 / — /^S (S i OH) ^^t'^^i^ir^l^L^o ->7 
5 r. £ /4 s t? # ft v ^ £ a* fe 5 o 

[0 0 8 2] 

[fbi 5] 

I 

R* OR 2 O 

I I I 

— O — Si-O- — O-Si-O- -O-Si-O- 

I I I 

0 o o 

1 ! I 

[0 0 8 3] 

R',Si(OR 2 ) 2 Oo. B -(c-l) 

Proof - 2000/12/04 



SH#-§- = QS-763P010 #112000-369113 W ■ 30/ 40 

R',Si(OR 2 )0 -(c-2) 

(R'4o=tt/R 2 fi, fliifs^:® t m o 

[0 0 8 4] 

Si(0R 2 ) 2 0 — (c-3) 
Si(OR 2 ) a Oo.s —(c-4) 

(R'*oj:t/R 2 {i. mti^Qtmo 

tv^ - stg^wi (c-5) * fc 3 us <Dm<t7mm^x£& lt v ^ 5 m-i-t^mft: ( 

c-6) *5=tU ; (c-7)^-^A/-C-'b «fcV\, 
[0 0 8 5] 
R' 2 S i O •■• (c-5) 

R' 2 Si(OR 2 )Oo. s -(c-6) 
R'aS i Oo. b ■••(c-7) 
(R'*5<tO?R B tt, mJf£xt(D i: [W] D) 

fct'L, I © i: 9 4 (c-5) ^ b (c-7) T'i ^ ti 6fM*fitt, ;*vu#Vtfy >-d 
[0 0 8 6] 

^ y ^ •> 7 y ?:i|iJ07K t% ADtR^ • B^frfc £ -tt 5 n <t fc «t 

Proof - 2000/12/04 



litBB ¥f& 12^12^ 40 
ggl#g^ QS-763P010 ^02000-369113 gj 31/ 40 

[0 0 8 7] 

, #v h^mm(A-i) i o ofi*iHs. (a) j&^*°y#— # 

^_ h^TO(A-i) <bf&^iH4$Ni§ (A-2) kfrt>KZ>tM&^te(A-i) t (A-2)t<D 
^t+lOOif^WLt, 0. 0 5- 1 0SS£I5, £r£ L< fil ~8t«Bro 

[0 0 8 8] 

*55WI-^SJtt«!H4WJ!g*a^:«Jtt, £ kic^ia^DT. (D) Ky y?V5± 
( E ) /N-7/^c7/l'*y^/l'^>'Sl7;^ !J (±i)i!S, (F) 

C Ky y-7ffi±M (D) ] 

P^ih^iJ^tt, jURtt^RH::, Ky 7 7° (AST) ^«J-T6f!it^fc5»^JT'$>«9 

PTFE) , =T h^^/WTT-d^^U^^ibfi^^ (#'JxJi\ *°y^h77/^D 

[0 0 8 9] 

I©i5^!Jfh77/l/toif (PTFE) ©ftt, ^tfc'&i-lgft 

fct><©, fc i iiiTk^ fW^il^ PTFE ^fUM ^ t) &tz#VU — 
u^-T? y h y /u^S^flcfcft^&tiSfflJIgTPTF E£ 
A7 p t/MMLfcto, ^fcfi*°y h^f^-7^ y □ - h y 

Proof - 2000/12/04 



tittiB W-J&1 2^1 2 M 4 0 
Sa#-§-= QS-763P010 #112000-369113 gj 32/ 40 

[0 0 9 0] 

#38 SET* ft, Kyy^BSit^J (D) <3r Lt, £l±OJ:5^yfh77/^n 
^\y>t bi>\z. 7 x ^ u y x-r^ (PPE) ffi L 1 1 J: t \ 

[0 0 9 1 ] 

^y yj— h^M^i (A-i) i o omMU^ML. tfvu— h 

5»Jig (A-l)£Ufci5rffitt*M!i (A-2) i^ffffl^iltl^I^tt (A-l)t (A-2) 
£0>&§H 0 0ii^i^LT > 0. 0 1-101M ff^KiiO. 0 5~ 
£ i^Kfl 1 * L< HO. 1~0. 5ii^(7)®iT«$n^o 
[0 0 9 2 ] 

rco J; 9*PTFEi LTm8££*L-C^3 t^ro^i LTtt. x7 p > 3 
0 J (fS*IL =#-7 f n.jJf>7/U^-p-{r^^/U (tfc) ) > ^°y7P^ D-2C ( 
^dr>^XH (tt)) 1 77nyADl JfiW^ (**) ) ft 

[^-7^tn7^* V7^^yS7^* !J (±31) #S±& (G) ] 
*55W^»l!gj|safife*t-*3V^-Ct4, (G) ^iLt^'-7^tn7/^^^ 

[0 0 9 3] 

y^— 7/l-7f-pT/W7J>^/^* V^T/l^TJ y (±3S) tlSi tttt, $f*b< 

tts^^*>tM£t*fc§ 0 r/uTjy (±ts) MtLtii thy 7^, 

7jy>7A x y^-7^«. -fe'>?A % /l't" , 7-)A > -^^v'?^ 7J/U 

•>7A, 7. hn^^A^Jjit/^y >7^#^f htlZo Z.<Do-h. U < it~t 

Proof - 2000/12/04 



ttffi 0 12^12^ 49 
§1#^QS - 763P010 #gg20Q0-369113 g : 33/ 40 

[0 0 9 4] 
[0 0 9 5] 

(G) ^-7;l/to7/^V^My87^!) (±jg) ^Mtt, #y7J- 
h 1 0 OfiMSldjStfLT, 0. 0 l-3lig|5, L < « 0 . 0 1 ~0. 
lfiJtSP, i^^KliO. 0 2-0. 0 9 MAU. £>b^£?^L<«: 0. 

o3~o. o 8&mm<Dm.mizjbz>z ttmt. lv\ 

[oi^^^^lj ( G ) ] 

i7" y ->vvL-aL— f/u, t-T'f />7i-/u^y -V^x-r/K 3, 4-^7$*i/i/9 
v^3r-y/Upt=?-;U-3' ,4' -^-tf^cisi/? □ ^df- vvl^ /UaK^t K 3,4-^*° 

= 3 rv"-6-;>< ^f-fV^V n^^r v'/W^ , 4' -oqtK v--6' ^jV-yp u^^-yyU 

K 2, 3-^/K^r'>'>^ n^^-v^^^^yb-3',4'-^7K^'>^^ o 
^^rv'/l/*/L'*>->U- 4- (3, 4-^^^f v--5-p< f/l'v'^ a — ^ >W) y^/U 
-3' , 4' -x$>y->7 D^^>//U^7/P7}f dr->u— K 3, 4-=^7$*ri/i/? n^dr 

/J^^rv'U'— K 3, 4-3uK#v'-6-7 t f/l">^ P^df-->/Up« ^vl"-6' ^/U->cr^ 
^■i^^^/^^-i^l — K t^7xy^A-7^!i'7-7;n^r/K r h77'n 
^ t"7 7 1 7 -/UA 7' U i/^x-f /l/^ 7^/l/|(D'7^|ji/-7/l'i^T/K ^ 
drift Ko7^^0i/7'y ->^xxr/K f*- ^aK^t v"v? v-^ ^ 
jx-yUzc— t^/U n fcf;*-zc;t? -y^c^ U V ^ y =z — /u % f -ze. ;j? df- ? a ^. 

Proof - 2000/12/04 



ffittJ B 12^12^ 4 0 
llft= QS-763P010 3#Ig2000-369113 M ■ 34/ 40 

, t^f^x^^v'^U-h, x*>yf^y7>^y, 3,4-^^^^-1,2- 
zn^^iXv-^ a^ar-^>, 3, ^/U-l, 2- ^ztf^v'v'? 3-^^ 

/W-5-t-y^/^-l, 2-^.7$ a-\3r-^>, ^ ?7 t i//l'-2, * 4- 

X/K^r^->^n^^^/^>i/W- N-^^/l^-2,2- ^^^^-3,4-^^ 
df-<>->^ n^drv-zU^/l^/^^rv^U— K ^ n^^>/b-2-^ fVl^-3, 4-^tf? 

^ ^-j\>*/9 u^5r*/JVji ;Vifs df--> h , ^-^ '->/P-3, 4- ^tf?^ v">^ p-~» 
dp-'>/U*/U2l?dF-'>lx— K ->/U-3', 4' -^zjfdrv^v'^ p vVl^TJ 

/Ujjfdf-v't — K 4,6-^^^/1^-2, 3-^7Kdr'>v-^ n ^3^>/U -3' , 4' -^tf?^ i/ 

^-l,2-v'7n^^^/l/v?7J^*>v'U- K ^-n-^^/U-3-t-^^-/W-4, 
v'^ -1 , 2- > ? ci ^ 3f v 5 # aK U — h ft tf *L 3 „ 

[0 0 9 6] 

5VI--3' ,4' -x*>v->7 cz^^f->7J/I^^>->^— h*3tfitT^-(3,4-3i#dp- 

Ii^liHtD^f^f K2 0 2 1 P^fcKi-feadf--^^ K2 0 8 0 i LTA^ 
[0 0 9 7] 

-b^mm (A-Dwtffl^tisi^ii, #y;&— h^mms (a-d i 

ffl^tlt^S^li (A-l)t (A-2) <k<D^tH 0 Ofi4^tC^L-C, 0. 01 
— 1 0fii£fl. £P*L<teO. l~5fift$U©*t^*tL-CV>Swi:*ss*H/ , » 
„ 3uj?*^3£?fijw**s % o. 0 l m&UffcffiX'teM1m7kftte&<D\ii\±&fflti?j: 

Proof - 2000/12/04 
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«& <D««tt§a&tfs<g;Ti- 5 c £ ^ 5 o 

10 0 9 8] 
[0 0 9 9] 

mm.m, ?>^?, , -^-c#, ;/vw'7^ s ^^t*— 

[0100] 

[0101] 

UL-94M^) {-^^tL^^^&idt^oT. f^l/l6^yfO^M 
UL-94 VCllMLfc^, UL-94 V-O^ifcft 
CD-Cfc5o #*3, UL-9 4to^T> ^Vi©l$|j:, MB&Tf2^ 1 WiS 9 "C 
<£b -60 

Proof - 2000/12/04 
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